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1. INTRODUCTION

On November 1, 1983, the Division’s name was changed from Industrial Safety and Applied
Health Physics to Environmental and Occupational Safety. The change was made to indicate the broad
responsibilities of the Division in the environmental and occupational areas and to reflect the
Laboratory’s commitment to environmental and occupational safety in all aspects of its operations.

The change in name was only one of many that occurred in 1983. Organizational changes were
made in the Department of Environmental Management and the Health Physics Department and a
fourth department, Radiation and Safety Surveys, was created. These changes were made to place the
Division in a better position to address the challenges of the future. In the Department of
Environmental Management, environmental engineering activities at ORNL and Y-12 were
consolidated to focus and strengthen our engineering resource. Additional staff were acquired so that the
Division would be better able to respond to engineering requirements associated with a variety of new
environmental projects. In the Health Physics Department, activities in the area of radiation monitoring
and dosimetry were consolidated into four major groups, which served to strengthen our existing
capabilities and provide an organizational framework for more direct interaction and collaboration with
relevant ORNL research divisions. The creation of the Radiation and Safety Surveys Department
reflected the increasing importance of the survey organization in the area of worker protection
extending beyond the area of health physics into general safety concerns.

The past year was a time of tremendous change within the Division. Along with the organizational
changes outlined above, there were many changes in staff resulting from retirements and departures
from the Laboratory; a large number of new staff members joined the Division to fill these positions.
We are all beneficiaries of the contributions of those individuals who are now completing their
professional careers and going on to retirement. The Division and the Laboratory owe them a very
large debt of gratitude for their many years of dedicated service. It is because of their many
contributions that we will be able to meet the demands of the days ahead.
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2. TECHNICAL HIGHLIGHTS

During 1983, the Environmental and Occupational Safety Division continued its long record of
working to safeguard the well-being of those individuals employed at the Laboratory and of the
environment surrounding the Laboratory. This responsibility includes activities in the areas of
environmental management, radiation protection, and occupational safety. Technical accomplishments
during 1983 included maintenance of the Laboratory’s excellent health and safety record as well as the
development of some important new tools to aid in our mission of protecting the Laboratory staff and
the environment.

The Health Physics Department is responsible for the operation of the Laboratory’s personnel
monitoring program for both internal and external radiation exposures and the acquisition, calibration,
and service of the Laboratory’s radiation monitoring instrumentation. The personnel monitoring
activities of the department have made it possible to draw the following conclusions regarding potential
radiation exposures to individuals considered radiation workers:

¢ The maximum whole-body dose received by an employee was approximately 20 mSv (2.0 rem). This
value represents 40% of the applicable radiation standard of 50 mSv (5.0 rem).

* At the end of 1983, the greatest cumulative whole-body dose received by any employee was
approximately 0.98 Sv (98.0 rem). This dose was accrued over a period of 34 years and represents an
annual dose of 28 mSv/yr (2.8 rem/yr).

® The greatest cumulative dose to the skin of the whole body received by an employee during 1983 was
approximately 63 mSv (6.3 rem), 42% of the applicable radiation standard of 150 mSv (15 rem).

® During 1983 no cases of internal exposure occurred for which the amount of radioactive material
within the body averaged as much as one-half of the maximum permissible organ burden for the
year.

Along with activities directed toward characterizing the extent of radiation dose to Laboratory
employees, Health Physics Department staff members developed new techniques to enhance the
effectiveness of our radiation protection program. The techniques include:

* Derivation of algorithms used for estimation of male and female chest wall thickness to reduce the
error associated with estimation of internal actinide deposition.

¢ Development of a quality assurance program for indirect-reading pocket dosimeters to ensure the
validity of measurements obtained through this important dosimetry system.

The Department of Environmental Management has responsibility for the measurement, field
monitoring, and evaluation of effluents released as a result of Laboratory operations and the control of
hazardous materials used within ORNL. As a result of monitoring activities carried out by
Environmental Management staff, conclusions can be drawn about the potential radiation exposures
attributed to releases from the Laboratory:

¢ Atmospheric iodine sampled at perimeter monitoring stations averaged 0.44E—4 Bq/m’® (0.12E— 14
#Ci/em®) during 1983. This value represents <0.002% of the concentration guide of 3.7 Bq/m’
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(1E—10 uCi/cm® applicable to inhalation of *!I reieased to uncontrolled areas. The maximum
concentration observed for one week was 0.55E—4 Bq/ m?® (0.15E—13 uCi/cm?).

¢ The concentrations of I in milk collected near the Laboratory and from all remotely located
stations were less than the minimum detectable levels of '*'I in milk {17.0 mBq/L (0.45 pCi/L)].
The concentrations of **Sr in milk from both the local and remote environs were well within Federal
Radiation Council (FRC) Range 1.

e The average concentration of *°Sr in potable water was 0.19E—01 Bq/L (0.51E—09 xCi/mL). This
value represents 0.2% of the drinking water concentration guide for members of the general
population.

* A whole-body dose of 2.5 mSv/yr (250 mrem/yr) was calculated for the maximum potential
exposure assuming an individual remained at this site boundary location 24 h/d for the entire year.
The calculated hypothetical dose is 50% of the allowable standard.

In addition to these monitoring activities, a number of technical accomplishments were made in
1983 by the staff of the Department of Environmental Management:

® Publication of a 17-volume Resource Management Plan to address issues involving use of the natural
resources found on the Oak Ridge Reservation. This project involved individuals from a number of
ORNL divisions, individuals at each of the three plants on the reservation, and UCC-ND staff.

* Publication of a 2-volume response to the August 23, 1983, Compliance Evaluation Inspection
conducted by the Tennessee Department of Health and Environment and the Environmental
Protection Agency responding to the various environmental concerns identified during the inspection.

The Safety Department is the Laboratory organization responsible for the various aspects of
operational and industrial safety. The efforts of all the Laboratory staff involved in implementation of
the Safety Program resulted in a number of major accomplishments, including:

® The National Safety Council Award of Honor for the ninth consecutive year.

® The Department of Energy Award of Excellence for maintaining the incidence rate of lost workdays
and restricted work cases below 1.1 for five years.

® Accumulation of 157 days (3,339,681 exposure-hours) through December 31, 1983, without a single
lost workday case.

During 1983, excellent progress was made on the preparation of safety documentation for nuclear
facilities at the Laboratory. These documents, the Safety Analysis Reports (SARs) and the Operational
Safety Requirements (OSRs), constitute important tools in assuring that the Laboratory’s reactors and
nonreactor nuclear facilities continue to operate in a safe manner in accordance with Laboratory and
DOE requirements. Progress in this documentation process included:

* Formal approval by DOE/ORO of SARs and OSRs for seven existing facilities and five new
facilities.

* Completion of draft SARs and OSRs for nine other facilities and one new project, the Consolidated
Edison Uranium Solidification Project.

The Radiation and Safety Surveys Department is responsible for surveillance of activities at the
various research and support facilities at the Laboratory. The day-to-day contact requires staff
involvement in all levels of operation. During the past year staff from the Department participated in a
number of critically important activities with the purpose of maintaining radiation exposures to as-low-
as-reasonably achievable. These activities included:




* Installation of spool sections in the inlet and exit lines of the Oak Ridge Research Reactor to
eliminate leakage of coolant water from the lines. In spite of the complexity of this work and the high
radiation levels, exposure to Laboratory staff remained at acceptable levels.

* Replacement of the High Flux Isotope Reactor beryllium reflector ring, requiring a three-month
shutdown of the reactor and around-the-clock coverage by Department staff. Exposure levels to all
personnel were kept well below applicable limits.

* Recovery of the Hydrofracture Facility well and subsequent injection of radioactive waste stored at
the Gunite Tank Farm to permit permanent disposal of 18.8 PBq (509,580 Ci) of activity.
Involvement in these projects kept radiation exposures to Laboratory staff to minimum levels.

Department staff were also involved in a number of activities associated with the Laboratory’s
decommissioning program and the current initiatives in emergency response:

® Decontamination and decommissioning of a cell in Building 3517, requiring removal and disposal of
piping and material in high radiation backgrounds. Two months were needed to carry out the work
and in no case did any single exposure exceed 10% of the annual exposure limit.

* Cleanup and disposal of excess radioactive material stored in the High-Level Radiochemical
Laboratory vaults. All exposures associated with the cleanup were within permissible limits.

* Participation in two off-site emergency response activities and three emergency drills at the request of
the Oak Ridge Operations Office of the Department of Energy.







3. HEALTH PHYSICS DEPARTMENT
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3.1 RADIATION MONITORING

3.1.1 Personnel Monitoring

All persons who enter Laboratory areas where they may be exposed to radiation or radioactive
materials are monitored for probable kinds of exposure. External radiation dosimetry is accomplished
mainly by badge meters and pocket ion chambers, although hand €xposure meters are used in some
cases. Internal deposition of radionuclides is estimated from bioassays and whole-body counting,

Dose Analysis Summary

External exposure. In 1983, no employee received a whole-body radiation dose that exceeded the
standards for radiation protection given in DOE Order 5480.1.! The maximum whole-body dose
sustained by an employee was approximately 20 mSv (2 rem) [40% of the applicable standard of 50
mSv (5 rem)]. The range of doses to persons using ORNL badge meters is shown in Table 3.1.

At the end of 1983, no employee had a cumulative whole-body dose greater than the applicable
standard based on the age proration formula, 5(N — 18) (Table 3.2). No employee had an average
annual dose exceeding 50 mSv/year (5 rem/year) of employment (Table 3.3). The greatest cumulative
whole-body dose received by an employee is approximately 0.98 Sv (98 rem). This dose was accrued
over an employment period of about 34 years and represents an average of about 28 mSv/year (2.8
rem/year). The average of the ten greatest whole-body doses to ORNL employees for the years 1979
through 1983 is shown in Table 3.4.

The greatest cumulative dose to the skin of the whole body received by an employee during 1983
was approximately 63 mSv (6.3 rem) [42% of the applicable standard of 150 mSv (15 rem)]. The
maximum cumulative hand dose received during the year was approximately 70 mSv (7 rem) [9% of the
applicable standard of 750 mSv (75 rem)].

1. DOE Order 5480.1, Chapter XI.




Table 3.1. 1983 dose data summary for monitored personnel
involving exposure to whole-body radiation

Dose range
[mSv (rem)]
Group Total x
0-1 1-10 10-20 20-30 30-40 40-50 50 up
(0-0.1) (0.1-1) (1-2) (2-3) (G4 (@5 (5 up)
ORNL employees 60 200 35 4 0 0 0 299
ORNL-monitored 509 29 0 0 0 0 0 538
nonemployees
Total 569 229 35 4 0 0 0 837

Table 3.2. 1983 average dose per year since age 18

Dose range
[mSv (rem)]
Group Total
0-10 10-20 20-30 30-40 40-50 50 up
©-1) (1-2) @3 G4 &5 Gup

ORNL employees 270 25 4 0 0 0 299

Table 3.3. 1983 average dose per year of employment at ORNL

Dose range
[mSv (rem)]
Group Total
0-10 10-20 20-30 30-40 40-50 50up
©-1) (-2 (23 G4 @5 Gup

ORNL employees 232 63 4 0 0 0 299

Table 3.4. Average highest whole-body doses
and highest individual dose by year

Ten highest doses

(average) Highest dose
Year ge

mSv rem mSv rem -
1979 22.4 2.24 28.0 2.80
1980 24.6 2.46 31.4 3.14 »
1981 22.0 2.20 38.3 3.83
1982 16.1 1.61 21.1 2.11

1983 20.2 2.02 26.5 2.65




Internal exposure. During the year, no cases of internal exposure occurred for which the amount
of radioactive material within any reference organ averaged as much as one-haif of the maximum
permissible organ burden for the year.

External Dose Techniques

Badge dosimeters. Standard thermoluminescent dosimeters (TLDs) are issued to all employees
and to photobadged nonemployees who work in radiation zones. Standard TLD meters have two TLD
chips, one shielded and one unshielded. Supplementary meters with various complements of TLDs and
films are issued to those who may be exposed to radiations other than gamma and energetic beta.
Standard UCC-ND TLD meters and supplementary meters of radiation workers are exchanged and
processed quarterly (more frequently if required for exposure control). All other meters are exchanged
and processed annually. Quarterly reports document skin and whole-body dose data for the previous
calendar quarter and totals for the current year. An annual report provides a summary of the quarterly
reports.

Pocket meters. Pocket meters (indirect-reading ionization chambers) are available at all principal
points of entry to the Laboratory. A pair of pocket meters is worn by each person who works in an area
where the potential exists for a dose of 0.2 mGy (20 mrad) or more during the work shift. Returned
Ineters are processed daily by health physics technicians; over 140,000 pocket ionization chambers were
used and processed during 1983. Supervision receives a daily report that includes the names, division
affiliations, and readings for pocket meter wearers that were 0.2 mGy (20 mrad) or greater for the
previous 24 h. A report of all pocket meter data for the previous week and summary data for the
calendar quarter is published and distributed weekly. Pocket meter readings are used for estimating
integrated exposure as a basis for possible initiation of interim TLD meter processing within a TLD
meter assignment period.

Hand exposure meters. TLD-loaded finger rings are issued to persons during operations in
which the hand dose is likely to exceed 10 mSv (1 rem) within one week. They are issued and collected
by Radiation and Safety Surveys (R&SS) Department personnel, who determine the need for this type

of monitoring and arrange a processing schedule. A summary of personnel meter services is presented in
Table 3.5.

Internal Dose Techniques

Radioassay. Urine and fecal samples are analyzed to estimate radionuclide intake for monitored
individuals. Sampling frequency and radiochemical analysis type are based on specific radioisotope and
intake potential. Radioassay data require interpretation to estimate the dose to the exposed individual.
Computer programs implementing accepted metabolic and dosimetric models facilitate analysis of
excretion data. Dose estimates are made for all individuals who may have exceeded a time-integrated
radionuclide concentration equivalent to one-fourth of a maximum permissible organ burden averaged
over a calendar year. The radioassay laboratory also analyzes a limited number of milk and water
samples for environmental monitoring purposes (see Table 3.6). The radioactivity content of samples
prepared in the radioassay laboratory is determined in a counting facility that is also used to determine
the radioactivity content of air filter, water, and various other samples submitted by the EOS
departments (see Table 3.7).
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Table 3.5. Personnel meter devices

1981 1982 1983
Pocket meter usage
Number of pairs used
ORNL 69,722 64,418 66,126
CPAF* 6,384 6,210 6,072
Total 76,106 70,628 72,198
Average number of users per quarter
ORNL 673 623 642
CPAF* 133 135 132
Total 806 758 774
Meters processed for monitoring data
Beta-gamma badge meter 3,548 3,590 2,218
Neutron badge meter 1,159 1,177 1,399
Hand meter 285 296 487
“Cost plus award-fee contractor (Rust Engineering).
Table 3.6. Radioassay laboratory analyses, 1983
Radionuclide Urine Feces Milk Water Controls
Plutonium, « 353 1 53 52
Transplutonium, « 315 1 53 52
Uranium, o 168 54
Strontium, 8 162 256 104
Tritium 285 153 104
131 257 52
Other 33 1 20
Total 1316 3 513 259 436

Table 3.7. Counting facility analyses, 1983

Type of Number of samples

le Total
samp. o 8
Facility monitoring
Smears 16,765 16,633 33,398
Air filters 13,411 12,973 26,384
Environs monitoring
Air filters 3,032 3,032 6,064
Fallout 2,962 2,962
Rainwater 797 797
Surface water 330 330

Total 33,208 36,727 69,935
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Whole-body counter. The whole-body counter (or in vivo gamma spectrometer) is used for
estimating internally deposited quantities of most photon or X-ray-emitting radionuclides. About 650
whole-body, chest, wound, thyroid, and liver counts were performed at the Whole-Body Counter
Facility during the year. Preliminary results are reported soon after counting is completed; summary
reports are published and distributed quarterly and annually. Most of the subjects counted had *’Cs in
the range of 37-555 Bq (1-15 nCi), thought to be from fallout from atmospheric weapons testing.
Small quantities of various fission or activation products were identified in a few individuals during the
year, but no one was found to have an average annual internal deposition greater than 10% of the
maximum permissible organ burden of any isotope.

3.1.2 Health Physics Instrumentation

Nonelectronic radiation monitoring devices used in the Laboratory health physics program are
selected, tested, calibrated, and maintained by EOS Division, which shares with the Instrumentation
and Controls (I&C) Division the responsibility of selecting electronic radiation monitoring instruments.
The EOS Division is responsible for determining the need for new instrument types and modifications
to existing types, for specifying the health physics design requirements, and for approving the design; it
is also responsible for calibrating all instruments used in the health physics program and is allocated
funds to maintain them. Maintenance is performed or cross-ordered by the 1&C Division.

Instrument Inventory

The electronic instruments used in the health physics program are divided into two classes for
convenience of servicing and calibrating: battery-powered portable instruments and ac-powered
stationary instruments. The portable instruments are assigned and issued to the R&SS complexes. The
stationary instruments are the property of the ORNL division responsible for monitoring the areas in
which the instruments are located. Table 3.8 lists the portable instruments and Table 3.9 lists the
stationary instruments in use at the end of 1983. Service summaries and calibration records enable the
Monitoring Instrumentation Group to maintain a current inventory on most health physics instrument

requirements. Allocation of stationary health physics monitoring instruments by division is shown in
Table 3.10.

Calibration Facility

The EOS Division maintains a facility, equipped with calibration sources, remote control devices,
and shop space for the use of I&C maintenance personnel, for calibration and maintenance of portable
radiation instruments and personnel metering devices. Radiation sources used for calibration have either
been standardized by the National Bureau of Standards (NBS) or evaluated by comparison with sources
standardized by the NBS. The EOS personnel assign, calibrate, arrange for maintenance, provide for
delivery, and maintain inventory and servicing data on all portable health physics instruments. The
recommended maintenance and calibration frequency is every two (no more than three) months for
instruments that measure exposure, absorbed dose, or dose-equivalent rates (cutie pie, Juno, and fast-
neutron survey meter) and every three (no more than four) months for count-rate instruments (gas flow,
scintillation, Geiger-Miiller survey meter, thermal neutron, and air proportional). Table 3.11 shows the

number of calibrations of portable instruments and personnel monitoring devices performed during
1983.
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Table 3.8. Portable instrument inventory

Number

Instrument type Total
Installed  Retired O™ 1+ 1989)

GM survey meter 1 1 318
Cutie pie 15 15 316
Alpha survey meter 2 0 261
Neutron survey meter 0 7 94
Miscellaneous 1 4 3

Total 19 27 992

Table 3.9. Inventory of facility radiation monitoring
instruments, 1983

Instrument Nuraber Total
type Installed  Retired (Jan. 1, 1984)
Air monitor, a 1 0 113
Air monitor, 8 0 0 154
Lab monitor, « 0 4 176
Lab monitor, 8 1 2 230
Monitron 0 0 203
Other 0 0 140
Total 2 6 1016

Table 3.10. Divisional allocation of health physics facility
monitoring instruments, 1983

« air B air - « lab

B lab

ORNL division . . . . Monitron Other Total
monitor monitor monitor  monitor

Analytical Chemistry 9 11 14 20 12 3 69
Chemical Technology 44 29 63 47 44 29 256
Chemistry 7 1 13 14 0 2 37
Metals and Ceramics 15 15 22 12 8 17 89
Operations 24 85 48 91 111 50 409
Physics 2 2 4 15 3 3 29
Others 12 11 12 3 25 36 127

Total 113 154 176 230 203 140 1016

Table 3.11. Calibrations facility résumé, 1983

Item

Number of calibrations

Beta-gamma survey meters
Neutron survey meters
Alpha survey meters
Personnel dosimeters

Badge dosimetry components

2127
321
806

1946

3448
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3.2 DEVELOPMENTS
3.2.1 Biometric Estimation of Chest Wall Thickness

Optimal use of whole-body counting data to estimate pulmonary deposition of the actinides
depends on accurate measurement of the thickness of the chest wall because of severe attenuation of
low-energy X rays and photons associated with the decay of these radionuclides. Algorithms for
estimation of female and male chest wall thickness, verified by real-time ultrasonic measurements, have
been derived based on correlations of measured chest wall thickness with other common biometric
quantities. These algorithms reduce the error generally associated with estimation of internal actinide
deposition because the technique eliminates the need to assume an average chest wall thickness for all
counting subjects.

§
3.2.2 Validation of Calibration Factors for Long-Term **'Am
Deposition Measurements in Humans

In vivo actinide detection procedures at ORNL have generally been based on an assumption of
short-term pulmonary deposition. Recent chronic €xposure cases have demonstrated the need for
determination of bone deposition as well as lung deposition to assess total dose commitment.

Calibration factors for 2'Am in bone were derived empirically for a large hyperpure germanium
detector array. To confirm the accuracy of these calibrations, approximately 185 MBq (5 mCi) of
! Am-citrate were administered orally to six domestic Yorkshire swine. Direct thorax and skull
measurements were made after ultrasonic determination of the tissue thickness and quality over the
skeletal regions of interest. The swine were sacrificed within 24 h of the measurements and the quantity
and distribution of activity in each was assessed analytically. The skeletal activity estimated by in vivo
measurements compared favorably with the assayed activity, thus indicating the validity of our current
method of quantifying 2'Am deposition in the human skeleton.

3.2.3 Quality Assurance for the ORNL Pocket Meter Program

A quality assurance process was initiated for the indirect-reading pocket dosimeter program. The
dosimeters were charged, leak tested for 24 h, vibrated and drop tested, exposed to 100 mR, and read.
A total of 1848 acceptable pocket dosimeters were marked and redeployed into the system to be tracked
for six months. Rejection of marked meters during the study was caused primarily by defective
electrodes or retainer rings. The study provided data indicating that leakage and false readings are
minor problems with pocket dosimeters and concluding that charging a pocket dosimeter correctly is
extremely important in obtaining the most accurate response from the dosimeter. As a result of these
findings a quality assurance program was initiated and documented, whereby pocket dosimeters are
routinely taken out of the system, tested, and put back into the system or repaired.
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4.1 DEPARTMENT OF ENVIRONMENTAL MANAGEMENT

The Department of Environmental Management (DEM) is mandated to monitor the
environmental effects of ORNL operations and the Oak Ridge Reservation to ensure that ORNL
complies with all environmental regulations. The DEM’s major areas of responsibility include
(1) environmental surveillance, (2) environmental protection, (3) environmental assessment, and (4)
management of hazardous material and wastes.

4.2 ENVIRONMENTAL MANAGEMENT FUNCTIONS
The major Environmental Management activities during 1983 were

* coordinating the Laboratory’s pollution abatement and ORO monitoring programs;

® serving as liaison between the various ORNL groups involved in pollution control, ORNL
management, and the UCC-ND Office of Health, Safety, and Environmental Affairs;

* determining the pollutants (radioactive and nonradioactive) to be monitored in effluents and
environmental media and the location and frequency of the measurements;

® identifying areas where development work, additional monitoring equipment, and changes in waste
disposal practices are required for pollution abatement;

*® maintaining adequate records on significant effluents within the installation;

® reviewing (or providing for review) the design, acquisition, and installation of required pollution
control equipment;

® preparing environmental assessments for those ORNL construction projects that require them;

® preparing monthly, quarterly, and annual reports on radioactive and nonradioactive effluents as
required by UCC-ND management and DOE;

' . ® reviewing ORNL construction projects for environmental impact;

15
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¢ developing the Resource Management Plan for the U.S. Department of Energy’s Oak Ridge
Reservation; and
* preparing compliance evaluation inspection responses.

The Department of Environmental Management uses three separate monitoring networks for
airborne radioactivity in eastern Tennessee. The local air monitoring (LAM) network consists of 23
stations positioned relatively close to ORNL operational activities; the perimeter air monitoring (PAM)
network consists of 11 stations located on the perimeter of the DOE-controlled area and provides data
for evaluating the impact of all Oak Ridge operations on the immediate environment; and the remote
air monitoring (RAM) network consists of 7 stations located outside the DOE-controlled area at
distances of 19 to 121 km (12 to 75 miles) from ORNL (see Figs. 4.1-4.4 in ORNL-5962). These
monitoring networks provide for the collection of (1) airborne radioactivity by air filtration techniques,
(2) radioparticulate fallout material by impingement on gummed paper trays, (3) rainwater for
measurement of fallout occurring as rainout, (4) radioiodine using charcoal cartridges, and (5) tritium
using silica gel (selected LAMs). After treatment, low-level radioactive liquid effluents originating from
ORNL operations are discharged to White Oak Creek, a small tributary of the Clinch River. The
radioactive content of White Oak Creek discharge is determined at White Oak Dam, which is the last
control point along the stream before the entry of White Oak Creek into the Clinch River. Water
samples are also collected in the Clinch River at several locations, beginning at a point above the entry
of the liquid effluent into the river and ending at Kingston Water Plant near Kingston, Tennessee, the
nearest population center downstream (see Fig. 4.5 in ORNL-5962).

Samples of White Oak Creek effluent are collected at White Oak Dam by a continuous
proportional sampler and analyzed weekly for gross beta, gross alpha, 3H, %9Sr, all detectable gamma
emitters, plutonium, and transplutonium elements. Calculations are made of the concentrations of
radioactivity in the Clinch River at the point of entry of White Oak Creek [Clinch River Mile (CRM)
20.8], using the concentrations measured at White Oak Dam and the dilution provided by the river. To
verify the calculations, two sampling stations are maintained in the Clinch River below the point of
entry of the liquid effluents—one at the Oak Ridge Gaseous Diffusion Plant (ORGDP) water intake
(CRM 14.5) and the other at Kingston Water Plant (processed water) at Tennessee River Mile
(TRM) 568, which is near CRM 0.0. An additional sampling station is maintained in the Clinch River
at Melton Hill Dam (CRM 23.1), which is above the point of entry of the liquid effluents, to provide
background data and at the mouth of White Oak Creek (CRM 20.8) for backup measurements of
White Oak Dam station.

The ORGDP water sampling station collects a sample from the Clinch River proportional to the
flow in the river near the water intake of the ORGDP water system. The samples are brought into the
laboratory at weekly intervals; an aliquot is composited for quarterly analysis of tritium and the
remaining portion of the sample is concentrated by evaporation and analyzed for gross activity and for
individual radionuclides that may be present in significant amounts.

A grab sample of the processed water is collected daily at the Kingston Water Plant sampling
station; the samples are composited and analyzed quarterly. The preparation of these samples and the
analyses performed are the same as those for the ORGDP water sampling station.

The Melton Hill Dam station collects a sample proportional to the flow of water through the
power generating turbines; the sample represents all of the discharge from the dam except for a minor
amount discharged in the operation of the locks. Samples are collected from the station weekly and are
processed and analyzed in the same manner as for the ORGDP water sampling station.
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Samples of ORNL’s potable water are collected daily, composited, and stored; at the end of each
quarter, these composites are analyzed radiochemically for *Sr content and are assayed for long-lived
gamma-emitting radionuclides by gamma spectrometry.

Raw milk is collected at nine sampling stations located within a radius of 80 km (50 miles) from
ORNL. Samples are taken weekly from five stations located outside the DOE-controlled area within a
32-km (20-mile) radius of ORNL (see Fig. 4.6 in ORNL-5962). Samples are collected every five weeks
from the four remaining stations located more remotely, out to distances of about 80 km (50 miles) (see
Fig. 4.7 in ORNL-5962). The purpose of the milk sampling program is twofold: (1) samples collected
in the immediate vicinity of ORNL provide data by which the possible effects of effluents from ORNL
operations can be evaluated and (2) samples collected remote to the immediate vicinity of ORNL
provide background data essential to establishing a proper index from which releases of radioactive
materials originating from Oak Ridge operations may be evaluated. The milk samples are analyzed by
radiochemical techniques for *Sr and 1. The minimum detectable concentrations of *Sr and 13 in
milk are 18.5 mBq/L (0.5 pCi/L) and 16.7 mBq/L (0.45 pCi/L), respectively.

External gamma radiation background measurements are made routinely at the LAM, PAM, and
RAM stations and at one station located near Melton Hill Dam. Measurements are made using lithium
fluoride and calcium fluoride thermoluminescent dosimeters (TLDs) suspended 1 m above the ground.
Dosimeters at the PAM stations and Melton Hill Dam are collected and analyzed monthly, those at
LAM and RAM stations semiahnually.

External gamma radiation measurements are also made routinely along the banks of the Clinch
River from the mouth of White Oak Creek to points several hundred meters downstream (see Fig. 4.8
in ORNL-5962). These measurements are used to evaluate gamma radiation levels resulting from
ORNL liquid effluent releases and “sky shine” from an experimental 37Cs plot located near the
riverbank.

Various species of fish that are commonly caught and eaten in eastern Tennessee are taken from
the Clinch River quarterly from CRM 20.8 (intersection of White Oak Creek and the Clinch River)
and annually from other locations in the Clinch River. Ten fish of each species are composited for each
sample, and the samples are analyzed by gamma spectrometric and radiochemical techniques for the
critical radionuclides that may contribute significantly to the potential radiation dose to man.

Soil and grass samples are collected semiannually and annually, respectively, from locations near
the PAM and RAM stations and semiannually at LAM station 16. The samples are collected,
composited, and analyzed by gamma spectroscopy and radiochemical techniques for uranium,
plutonium, and various other radioisotopes.

4.2.1 Compliance Evaluation Inspection Response

On August 23, 1983, as required by State and Federal law, a compliance evaluation inspection
(CEI) of ORNL was conducted by the Tennessee Department of Health and Environment (TDHE)
and the U. S. Environmental Protection Agency (EPA). This was the first time that the Laboratory had
been the subject of such an inspection and the first time that ORNL’s compliance with the Tennessee
Waste Quality and Hazardous Waste Acts had been examined. A report of the State’s findings, which
was received by DOE/ORO as a notice of noncompliance on November 1, 1983, contained detailed
descriptions of what were considered numerous environmental problems. A response was required from
DOE/ORO within 30 days of receipt of the notice.

With the cooperation of members of the Waste Management staff and some Environmental
Sciences Division (ESD) personnel, the staff of the DEM prepared a two-volume response report that
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was transmitted to DOE/ORO on November 23, 1983.! Each of the issues raised in the CEl was
evaluated item by item, and additional information and data either requested in the CEI or pertinent to
the National Pollutant Discharge Elimination System (NPDES) permitting decisions were included.
DOE/ORO was able to assemble a complete response to the noncompliance notice by December 1,
1983.

4.2.2 Resource Management Plan

The DEM coordinated the preparation of the 1983 Resource Management Plan (RMP) for the
Oak Ridge Reservation (ORR). The project involved the environmental coordinators of the three plants
on the ORR as well as 15 working groups made up of experts in the following resource areas: aquatic
habitats; archaeological considerations; endangered and threatened plant species; environmental
monitoring; forest management; geography, topography, demography, and soils; geology; health, safety,
and environmental affairs; hydrology; site development; laws, regulations, and guidelines; national
environmental research; utilities; waste management; and wildlife management. A 17-volume Resource
Management Plan was published and a permanent Resource Management Committee (RMC) was
established to address issues involving resources on the reservation. Two DEM members are extensively
involved in the activity, one as a working group chairperson and the other as an RMC subgroup

-

representative and report coordinator.

4.3 ATMOSPHERIC MONITORING

4.3.1 Air Concentrations

The average concentrations of alpha radioactivity in the atmosphere as measured with filters from
the LAM, PAM, and RAM networks during 1983 follow.

“oncentration

Network
Bq/m’ uCi/em?

LAM 0.82E—4 022E—14
PAM 0.41E—4 0.11E—14
RAM 037E—4 0.10E—14

All networks are less than 11% of 0.74E—3 Bq/m’ (2.0E—14 uCi/cm?), the average concentration

guide (CG,) for a mixture of airborne uranium isotopes in an uncontrolled area.’
The average concentrations of beta radioactivity in the atmosphere as measured with filters from

the LAM, PAM, and RAM networks during 1983 follow.

1. Compliance Evaluation Inspection of the Oak Ridge National Laboratory by the TDHE and
the EPA, November 21, 1983, Oak Ridge National Laboratory, Oak Ridge, Tennessee.
2. DOE Order 5480.1, Chap. XL
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Concentration

Network
Bq/m? uCi/cm?

LAM 0.19E—2 0.51E—13
PAM 0.11E—3 0.30E—13
RAM 0.89E—3 0.24E-—13

The LAM, PAM, and RAM network values represent <0.04% of the CG,U of 3.7 Bq/m?
(1.0E—10 uCi/cm®) applicable to releases to uncontrolled areas.

4.3.2 Fallout (Gummed Paper Technique)

The average activity on gummed paper for the three air monitoring networks for 1983 was
2.5 Bq/m® (6.16E—6 uCi/ft?) as compared to 9.6E—1 Bq/m? (2.4E—6 uCi/ft®) for 1982.

4.3.3 Rainout (Gross Analysis of Rainwater)

The average concentrations of beta radioactivity in rainwater collected from the three networks
during 1983 follow.

Concentration

Network
Bq/m> ¢Ci/em®

LAM 0.26E—3 (0.70E—8
PAM 023E—3 0.63E—8
RAM 0.42E—3 0.11E~7

4.3.4 Atmospheric Radioiodine (Charcoal Cartridge Technique)

Atmospheric iodine sampled at the perimeter stations averaged 0.44E—4 Bg/m® (0.12E—14
#Ci/cm®) during 1983. This average represents <0.002% of the concentration guide of 3.7 Bq/m*
(IE—10 pCi/em®) applicable to inhalation of I released to uncontrolled areas. The maximum
concentration observed for one week was 0.55F—4 Bq/m> (0.15E—13 #Ci/cm3).

The average radioiodine concentration at the local stations was 0.18E—3 Bq/m’® (0.50E—14
uCi/cm?®), which is <0.003% of the concentration guide for uncontrolled areas. The maximum
concentration for one week was 0.12E—1 Bq/m? (0.33E—12 uCi/em?) .

In general the level of radioactivity for the specific radionuclides in air for 1983 was lower than
the values reported for 1982. This correlated with less fallout in 1983 from weapons testing.

4.3.5 Nonradioactive Air Particulates

Suspended air particulates are measured at air monitoring stations 1, 3, 6, 7, and 15 by the high-
volume method recommended by the EPA. The average annual geometric mean of the stations was
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34 pg/m>, which is 45% of the Tennessse Air Pollution Control Regulation’s primary standard and
approximately the same as the results for previous years.

4.3.6 Milk Analysis

The yearly average and maximum concentrations of 1311 in raw milk from the immediate and
remote environs were less than the minimum detectable concentration of 1311 {17.0 mBq/L (0.45
pCi/L)]. The concentrations of 9Sr in milk from both the immediate and remote environs of ORNL
are about the same as reported for 1982 and are within the Federal Radiation Council’s range.

4.3.7 ORNL Stack Releases

The radionuclide releases from ORNL stacks are summarized in Table 4.1. In addition to the
nuclides reported in Table 4.1, the following were released from Stack 7911: 44E—2 TBq (1.2 Ci) of
212pB, 3 0E+1 TBq (8.1E+2 Ci) of 2°Rn, and 5.1E—2 TBq (1.4 Ci) of “?Rn. These releases
resulted from processing and storage of a neutron-irradiated 226Ra source.

4.4 WATER MONITORING

4.4.1 White OQak Lake Waters

As shown in Fig. 4.1, the 1983 discharges of tritium to the Clinch River were up from 1982.
Table 4.2 shows all of the measured radioisotopes discharged during 1983. Trends in the total CG,,
levels in the Clinch River are presented in Fig. 4.2. Water samples for analysis of nonradioactive
substances are collected at the same locations as those for radioactive water sampling. All are
composited from monthly analyses and analyzed for a variety of water quality parameters related to
process release potential and background information needs by analytical procedures recommended by
the EPA. Figure 4.3 shows the number of water quality violations of the NPDES permit for the
ORNL site. '

4.4.2 Potable Water

The average quarterly concentrations of 9Sr in potable water at ORNL during 1983 follow.
The average value of 0.19E—1 Bq/L (0.51E—9 uCi/mL) represents 0.2% of the CG,, for
drinking water applicable to individuals in the general population.

Concentration
Quarter No.
Bq/L  uCi/mL
1 042E—1 O0.11E—8
2 0.16E—1 0.43E—9
3 0.10E—2 0.27E—10
4 0.16E—1 0.43E—9

Average 0.19E—1 051E—9
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Fig. 4.1. °H and *Sr curies discharged over White Oak Dam.

4.4.3 Clinch River Fish

Results of radionuclide analyses of the fish samples taken in the 1983 fish sampling program
showed that the percentage of maximum permissible intake (MPI) was higher than that calculated for
1982 (maximum 1.4% of MPI).? Calculations of the estimated dose to an adult individual during 1983
from consumption of 16.8 kg of carp taken from CRM 20.8 showed higher total-body and critical organ
doses than found in 1982. The concentrations of mercury found in the fish taken from CRM 12.0 -
(mouth of Poplar Creek) averaged lower than those measured for 1982 with a maximum of 34% of the
action level.*

4.5 RADIATION BACKGROUND MEASUREMENTS

The data on average external gamma radiation background measurements showed
2.0E—9 C/kg/h (7.8 pR/h) at remote stations, 2.9E—9 C/kg/h (11 uR/h) at perimeter stations, and
7.5E—9 C/kg/h (29 uR/h) at local stations. The difference between the average levels in the perimeter
and the remote environs is considered to be within the variation in background normally experienced in
eastern Tennessee; the difference is dependent on elevation, topography, and the geological character of
the surrounding soil.>

3. MPI = intake of radionuclide from eating fish calculated to be equal to a daily intake of 2.2 L
of water over a period of one year containing the concentration of radionuclides in question.
Consumption of fish is assumed to be 16.8 kg/year of the species in question. Only man-made
radionuclides were used in the calculation.

4. Percentage of proposed FDA action level for mercury in fish of 1000 ng/g normally experienced
in eastern Tennessee; the difference is dependent on elevation, topography, and the geological character

of the surrounding soil.

5. T. W. Oakes, K. E. Shank, and C. E. Easterly, “Natural and Man-Made Radionuclide
Concentrations in Tennessee Soil,” pp. 323-333 in Proceedings of the Health Physics Tenth Midyear
Topical Symposium, Saratoga Springs, New York, October 11-13, 1976.
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Fig. 4.2. Total CG,, levels discharged over White Oak Dam.

4.6 SOIL AND GRASS SAMPLES

The data on the soil measurements showed no major differences from the data for last year, but
the data on grass did show a decrease in 93y and 137Cs in both remote and perimeter samples. The
most likely cause for the reduction is the decrease in fallout from atmospheric nuclear tests (see Figs.
4.4 and 4.5).

4.7 DEER SAMPLES

Frequently deer are killed by automobiles on the DOE reservation (see Fig. 4.6). Eighty-eight
vehicle-killed deer were analyzed during 1983 for gamma emitters. The mean level of ©*’Cs found in
the muscle and liver of the deer killed in the vicinity of the reservation was 2.2 Bq/kg (0.05% pCi/g) to
muscle and 1.3 Bg/kg (0.035 pCi/g) to liver. Of those killed at locations remote to the reservation, the
mean results are 14 Bq/kg (0.38 pCi/g) to muscle and 3.1 Bq/kg (0.084 pCi/g) to the liver.

4.8 CALCULATION OF POTENTIAL RADIATION DOSE TO THE PUBLIC

Potential radiation doses resulting from plant effluents were calculated for a number of dose
reference points within the Oak Ridge environs. All significant sources and modes of exposure were
examined, and a number of general assumptions were used in making the calculations. The site
boundary for the Oak Ridge complex was defined as the perimeter of the DOE-controlled area.

Gaseous effluents are discharged from several locations within ORNL. For our calculations, the
gaseous discharges were assumed to occur from only one vent. Concentrations of radionuclides contained
in the air and deposited on the ground were estimated at distances up to 80 km (50 ‘miles) from the
Oak Ridge facilities using a Gaussian plume model developed by Pasquill® and Gifford’ incorporated in

6. F. Pasquill, Atmospheric Diffusion, D. Van Nostrand Co., Ltd., London, 1962.
7. F. A Gifford, Jr., The Problem of Forecasting Dispersion in the Lower Atmosphere, U.S. AEC,
DT, Oak Ridge, Tenn., 1962.
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Fig. 4.5. Radionuclides in grass samples.
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Fig. 4.6. Road-killed deer trends.

the computer program AIRDOS.® The concentration was averaged over the crosswind direction to give
the estimated ground-level concentration downwind of the source of emission. The deposition velocities
used in the calculations were 0.0 cm/s for krypton and xenon, 0.2 cm/s for iodine, and 0.1 cm/s for
particulates. Potential dose commitments due to gaseous effluents from ORNL were calculated by using
the intake values from AIRDOS in the DARTAB’ and RADRISK!®!! computer programs.

Exposures to radionuclides originating in other effluents released from the ORNL facilities were
converted to estimates of radiation dose to individuals using models and data presented in publications
of the International Commission on Radiological Protection, other recognized literature on radiation
protection, personal communication, and computer programs incorporating some of these models and
data. Radioactive material taken into the body by inhalation or ingestion will continuously irradiate the
body until it is removed by processes of metabolism and radioactive decay; thus, the estimates for
internal dose are called dose commitments. They are obtained by integration over an assumed lifetime
of the exposed individual.

8. R. E. Moore et al., AIRDOS-EPA: A Computerized Methodology for Estimating Environmental
Concentrations and Dose to Man from Airborne Releases of Radionuclides, EPA 520/1-79-009, U.S.
EPA, Washington, D.C., 1979. :

9. C. L. Begovich et al., DARTAB: A Program to Combine Airborne Radionuclide Environmental
Exposure Data with Dosimetric and Health Effects Data to Generate Tabulations of Predicted Health
Impacts, ORNL-5692, Oak Ridge National Laboratory, 1981.

10. D. E. Dunning, R. W. Leggett, and M. G. Yalcintas, 4 Combined Methodology for Estimating
Dose Rates and Health Effects from Exposure to Radioactive Pollutants, ORNL/TM-7105, Oak Ridge
National Laboratory, 1980.

11. R. E. Sullivan et al.,, Estimates of Health Risk from Exposure to Radioactive Pollutants,
ORNL/TM-7745, Oak Ridge National Laboratory, 1981.
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Radiation doses to the total body and to internal organs from external exposures to penetrating
radiation are approximately equal; however, doses to individual organs from ingested or inhaled
radionuclides may vary considerably because some radionuclides concentrate in certain organs. For this .
reason, in estimating radiation dose to the total body, thyroid, lungs, bone, liver, kidneys,

gastrointestinal tract, and other organs, various pathways of exposure were considered. These estimates
were based on parameters applicable to an average adult. The population dose estimate [person-Sv
(person-rem)] is the sum of the total-body doses to exposed individuals within an 80-km (50-mile)
radius of the Oak Ridge facilities.

4.8.1 Maximum Potential Exposure

The point of maximum potential exposure (“fence-post” dose) on the site boundary is located along
the bank of the Clinch River adjacent to a cesium field experimental plot and is due primarily to “sky
_ shine” from the plot. A maximum potential whole-body dose of 2.5 mSv/year (250 mrem/year) was
- calculated for this location assuming that an individual remained at this point for 24 h/d for the entire
| year. The calculated maximum potential exposure is 50% of the allowable standard. 12 This is an
atypical exposure location, and the probability of an exposure of the magnitude calculated is considered

remote since access is only by boat.

The, total-body dose to a hypothetical maximum exposed individual at the same location was
calculated using a more realistic residence time of 240 h/year. Under these conditions the dose was 68
uSv/year (6.8 mrem/year), which is 1.4% of the allowable standard and represents a probable upper
limit of exposure. A more probable exposure potential might occur at other locations beyond the site
boundary as a result of airborne or liquid effluent releases.

The dose commitment to an individual continuously occupying the residence nearest the site

boundary would result from inhalation and ingestion of gaseous discharges from ORNL; an inhalation
rate of 2E+4 L/d for the average adult is used. Calculated dose commitments at this location were 2.3 -
uSv (0.23 mrem) to the pulmonary tissues (the critical organ) and 1.4 uSv (0.14 mrem) to the weighted
sum; °H is the important contributing radionuclide. These levels are 0.02% and 0.03%, respectively, of
the allowable annual standard.
One important contribution to dose from radioactivity within the food chain comes from the
atmosphere-pasture-cow-milk pathway. Measurements of two principal radionuclides entering this
pathway, *Sr and '], indicate that the maximum dose to an individual in the immediate environs
from ingestion of 1 L/d of milk is 0.1 uSv (0.01 mrem) to the total body and 3.0 uSv (0.3 mrem) to the
bone. Average concentrations for the remote stations were assumed to be background and were
subtracted from the perimeter station data in making the calculations.
The public water supply closest to the liquid discharges from the Oak Ridge facilities is located
about 26 km (16 miles) downstream at Kingston. Treated river water samples at Kingston indicate that
all measurements of isotopes were about the same as background radiation in untreated water taken
from Melton Hill Lake.
Estimates of the 50-year dose commitment to an adult were calculated for consumption of 16.8 kg
‘ (37 1b) of fish per year from the Clinch River. This amount, about 2.5 times the national average fish -
consumption, is used because of the popularity of fishing in eastern Tennessee. From the analysis of

edible parts of the fish examined, the maximum organ dose commitment to an individual from the carp
samples taken from CRM 20.8 is estimated to be 0.41 mSv (41 mrem) to the bone from %0Sr. The

12. DOE Order 5480, Chap. XI.
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maximum total-body dose to an individual was calculated to be 1.5 pSv (0.15 mrem) from *’Cs. These
doses are 2.7% and 0.03%, respectively, of the allowable standard. Shad at CRM 20.8 had the highest
levels of the most significant isotopes. The fish are not normally consumed by humans, but the
maximum hypothetical doses were calculated to be 0.59 mSv (59 mrem) to the bone and 39 uSv (3.9
mrem) to the total body. Fish samples taken from above Melton Hill Dam were analyzed to determine
background conditions.

If the fish bones were consumed, the projected dose commitments would be higher than those
shown in this report. Strontium concentrates in the bone and preliminary test results indicate that the
dose commitment from eating 1 kg (2.2 1b) of fish with bone would be greater by a factor of 3 to 30
times that from eating an equal amount of boneless fish. This possibility is of interest because
commercial fishermen may catch carp that are then processed into fish patties which include the bone.

Summaries are given in Table 4.3 of the potential radiation doses to adults in the general public at
the points of highest potential exposure from gaseous and liquid effluents from the Oak Ridge facilities.

4.8.2 Dose to the Population

The Oak Ridge population received the largest average individual total-body dose as a population
group. The average yearly weighted sum dose to an Oak Ridge resident was estimated to be 0.7 pSv
(0.07 mrem), compared with about 1 mSv (100 mrem) from natural background radiation; the average
dose commitment to the pulmonary tract of an Oak Ridge resident was 0.001 mSv (0.11 mrem). The
maximum potential dose commitment to an Oak Ridge resident was calculated to be 1.4 uSv
(0.14 mrem) to the pulmonary tract, about 0.03% of the allowable annual standard.

The cumulative weighted sum dose to the population within an 80-km (50-mile) radius of the Oak
Ridge facilities resulting from 1983 plant effluents was calculated to be 0.18 person-Sv (18 person-rem).
This dose may be compared with an estimated 87,000 person-rem to the same population resulting
from natural background radiation. About 10% of the collective 80-km population dose from the
effluents of the Oak Ridge facilities is estimated to be absorbed by the Oak Ridge population.

4.9 MAJOR ACTIVITIES OF THE DEPARTMENT
OF ENVIRONMENTAL MANAGEMENT

4.9.1 Environmental Data Assessment Group

The Environmental Data Assessment Group is responsible for assembling, processing, assessing,
and reporting the major portion of the environmental monitoring data within ORNL plant boundaries
as well as data for off-site monitoring of the Oak Ridge Reservation. This includes the processing of
data for 46,000 analyses on 31,000 samples annually. Table 4.4 shows a summary of a majority of the
routine samples for which data were processed and reported.

The group is responsible for developing QA procedures for all aspects of the monitoring program
mcluding field sampling, laboratory analyses, data entry and verification, and reporting. Added
emphasis has been placed upon the quality assurance of the environmental instrumentation; an
individual has been assigned to coordinate the repair, calibration, and modification of all instruments
and to recommend replacement instrumentation.

The QA of data entry and verification involves the use of a commercial software package for direct
key-to-disk entry, full-screen editing, and rekey verification. The DEM is now using a series of
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Table 4.3. Summary of estimated radiation dose to an adult
during 1983 at locations of maximum exposure

Dose
[uSv (mrem)]

Pathway Location Total body Critical organ

Gaseous effluents

Inhalation, direct Nearest resident 1.4 (0.14)° 2.3 (0.23) (pulmonary)
radiation from air to site boundary
and ground, and

food chains
Terrestrial food Milk sampling 0.1 (0.01) 3 (0.3) (bone)
(milk only) stations (°°Sr)
Liquid effluents
Aquatic food Clinch-Tennessee 1.5 (0.15)% 410 (41) (bone)
chains (fish) River System (*Sr
and ¥’Cs)
Drinking water? Kingston, Tennessee’
(*%r)
Direct radiation
Water, shores, and  Downstream from 68 (6.8) 68 (6.8) (total
mud flats? . White Oak Creek body)
near experimental
Cs field plots

“Dose commitment to the weighted sum of organs, equivalent to the risk from a
uniform total-body irradiation calculated by methods recommended by the ICRP:

® Recommendations of the International Commission on Radiological Protection, ICRP
Publication 26, Pergamon Press, Oxford, 1977;

® Limits for Intakes of Radionuclides by Workers, ICRP Publication 30, Report of
Committee 2 of ICRP, Pergamon Press, Oxford, 1978.

5Based on analysis of processed water.

All isotopes in the treated Kingston water were less than in the untreated
background water taken from Melton Hill Lake.

?Assuming a residence time of 240 h/year.

programs for electronically transferring data from ORNL’s Analytical Chemistry Division to a
centralized database for statistical analysis and report preparation.

The group is responsible for the design and implementation of an environmental monitoring
information system (EMIS) that will combine and integrate DEM’s numerous data resources into a
single centralized database from which statistical analyses, graphics, and reports can be easily generated.
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The information system will cover five major areas: (1) centralization of data; (2) QA of data; (3)
sample and inventory tracking; (4) analysis, graphics, and report preparation; and (5) documentation.
A major portion of the Department’s data is being processed by ORNL’s SAS (Statistical Analysis
System). During the report period, several databases were transferred to this system, three group
members and others in the department received training in operating the SAS, and two new terminals
and a color graphics plotter were obtained to help implement the unified system.

The EMIS will be used by environmental staff at all DOE/ORO plants. The objective of this
system is to provide quality data, analyses, and reports to multiple users in a timely manner. The tasks
involved in the development include (1) selection and acquisition of hardware and software,
(2) development of a user interface, and (3) documentation and training.

The hardware selected by the DEM is a VAX 11/750 virtual memory computer that will act as
host and process data sent to it by two data concentrators (PDP 11/44) that will collect real-time data
from over 60 stations at the DOE/ORO plants and on the Oak Ridge Reservation (Fig. 4.7).
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Fig. 4.7. Environmental management information system layout.
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Software selected to date includes FORTRAN, SAS, and EasyEntry. FORTRAN will be used for
special and unique applications, for communications, and for some modeling programs. SAS was
selected for numerical data management because it is a complete software system that can be used for
utility functions, report writing, data management, programming, computer performance evaluation,
and graphics. It is also the leader in statistical analysis software. EasyEntry is a software package that
allows the user to develop forms for entering, verifying, and editing data. It requires no programming
knowledge and provides for quality assurance checking during data entry. Its command language can
also be used to develop user-friendly menus. .

The information system will contain databases on environmental monitoring, laws and regulations,

hazardous materials, chemical information, environmental and engineering projects and schedules, and
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information collected by the Oak Ridge Task Force and the Resource Management Committee for the
Oak Ridge Reservation. It will also contain bibliographies and abstracts of pertinent references
(Fig. 4.8).

During the past year, the group took over responsibility for preparing action description
memoranda (ADMs). These reports, which are environmental evaluations of GPP and line item
projects, contain analyses of the potential environmental impacts of construction, operation, and
decommissioning of the projects. ADMs also include environmental assessments of alternatives to the
proposed projects.
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Fig. 4.8. Environmental management information system.

The group was involved in a number of special projects during the reporting period. A major
project was the Y-12 stack sampling program. With the assistance of a consulting team from the
University of Tennessee, a program was designed to characterize the flow and sampling characteristics
of the stacks, instrumentation was obtained, and individuals were trained to sample the stacks.
Sampling was begun and a member of the group is coordinating and providing technical assistance for
this phase of the project. Other group members have been involved in the development of computer
programs and analysis of the data.

In preparation for its regulation of radioactive discharges into the air, the EPA has made
preliminary calculations of the dose commitments due to each of the Oak Ridge Operations facilities
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including ORNL, Y-12, Feed Materials Production Center, Paducah Gaseous Diffusion Plant, and
Goodyear Atomic Corporation. At the request of DOE, the air dispersion and dose commitment
computer codes (AIRDOS and DARTAB) were used by the group to compare results obtained by EPA
and to make additional runs when more refined input data became available. The group developed of a
computer code that combines AIRDOS and DARTAB input, provides additional program
documentation, and simplifies execution.

4.9.2 Environmental Engineering Group

The Environmental Engineering Group has two major functions—the engineering and the Y-12
liaison. The main responsibility of the engineering function is to coordinate input to all ORNL
divisions and to the Engineering Division regarding the potential environmental impact of proposed
projects (i.e., providing criteria and technical review and generating and submitting permit
applications). The Y-12 liaison function is to coordinate all DEM activities for the ORNL facilities
located at the Y-12 Plant. The group also provides major input to planning and assists other groups
within the department.

The group’s activities in 1983 were concentrated in four general areas: (1) developing discharge
inventories and updating discharge routing drawings to ensure that all waste streams are being handled
appropriately; (2) responding to regulatory bodies [(particularly the EPA and the Tennessee
Department of Health and Environment (TDHE)] regarding the impact of ORNL’s operation on the
environment; (3) departmental planning to develop a comprehensive approach for solutions to ORNL’s
environmental problems; and (4) generating descriptions, justifications, and criteria to convert planned
solutions into defined projects which can be then submitted for funding.

(1) The development of discharge inventories took a variety of forms at the various ORNL
facilities. Comprehensive surveys were conducted for air and water discharges from ORNL facilities
located at the Y-12 Plant. The air surveys were used to fill out air discharge permit applications for the
facilities. Water usage and discharge surveys were performed to provide input to Y-12’s NPDES permit
application.

In addition to the inventories, a great deal of effort was spent to update the drainage drawings for
ORNL facilities at Y-12, both within and outside the buildings. In particular, the sanitary drainage
system was field-checked to identify any nonsanitary sources of wastewater connected to it. Any such
connections found were rerouted to their proper drainage system. Outside the buildings, the combined
storm/process sewer system was mapped and new drainage drawings prepared.

At the main ORNL complex, similar surveys have been started. Each chemistry laboratory at
ORNL is being visited to ascertain the activity that takes place, what chemicals (radioactive and
nonradioactive) are used, the routes of discharge for gases and liquids, and the way those routes reach
the environment. As the information is collected, it is being placed in a form suitable for creating a
computerized database. Both the surveys and the development of the database are ongoing efforts. When
the database is completed, it will be periodically updated as routine inspections take place.

Work on documenting the current state of ORNL’s drainage systems proceeded during 1983. The
storm drainage system in Melton Valley was mapped for the first time. Work also began in the
development of a new atlas for the process drainage system. The atlas is being placed in a digitized
format on the Computer Sciences Division’s Geographics Department computer. This work should be
completed in 1984. '
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(2) During 1983, the group provided substantial input to compliance reports from the EPA and/or
the TDHE: (a) a report of noncompliance on ORNL’s silver recovery system and (b) the compliance
order imposed on the Y-12 Plant.

The group coordinated the Department’s input to the Y-12 Plant regarding wastewater discharges
so that Y-12 had all information necessary from ORNL to respond to DOE per their mandated
schedule. This effort included the discharge inventories mentioned previously, but also included
developing and implementing a sampling and analysis program of all ORNL wastewater discharge
points and establishing plans to treat or eliminate all wastewater that ORNL generates.

Finally, in response to TDHE and EPA comments, the group coordinated the development of an
underground injection permit application for ORNL’s Hydrofracture Facility.

(3) The area of planning was an active one for the group during 1983. The long-range
environmental project plan was issued early in the year. Substantive revisions were prepared in
response to the concerns raised by the TDHE and the EPA. This plan documents the scope and
Justification for each project and describes how it fits into ORNL’s overall environmental planning and
is now being used as a basis for all future funding submittals for expense projects, General Purpose
Equipment (GPE), General Plant Projects (GPP), and line item requests.

In addition to the project plan, the group prepared numerous other planning studies in support of
Department and Division activities, such as (a) developing the overall plan for the sampling and
analysis program to characterize candidate Surplus Facility Management Program sites; (b)
coordinatihg the preparation of the Division’s Telecommunications Long-Range Plan; (c) coordinating
an Engineeriﬁg Division study of potential sites for ORNL’s new Industrial Landfill and Borrow Area;
and (d) generating a development plan for the new Hazardous Waste Management Area being opened
up with the Hazardous Waste Storage Facility project. This last document is being formalized by the
Engineering Division into a full-scale development plan for the site.

(4) 1983 proved to be an extremely busy year for both funded and planned projects. Using expense
funding, the following problems were resolved: (a) a cyanide removal process was added to ORNL’s
silver recovery system, which brought the system into full compliance with best available technology
guidelines for the photographic processing industry; (b) construction began on a new waste chemical
room for the Biology complex, which will resolve safety concerns with the current storage room; (c) 500
PCB-containing capacitors were shipped to the University of Wisconsin for use in their program, which
solved a storage problem at the Y-12 Plant; and (d) the chemical supply area in the Biology Division
was cleaned out, with all chemicals beyond their expiration date removed for disposal.

Numerous instrumentation projects were either initiated or in progress during 1983 (see Fig. 4.9).
The replacement of the perimeter air monitoring system, a GPE project, showed progress—necessary
funding approved, new sites located, all components procured, and construction of new stations
beginning. Similar progress also took place on the new 3039 stack monitoring system, a part of an FY
81 Waste Management line item. The design of the monitoring system was completed in 1983, and
procurement of major components has begun.

Work commenced on three new water monitoring stations at White Oak Creek (Weir #3), Melton
Branch (Weir #4), and White Oak Dam (Weir#5). ORNL’s Instrumentation and Controls Division
began the design of a new, highly sensitive beta radioactivity monitor and a gamma spectrometer for use
in these areas. Also included in the design is monitoring for a host of nonradiological water quality
parameters. These monitors will be completed during 1984.
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Fig. 4.9. Projected environmental monitoring stations.

The group also developed a comprehensive criteria document for all environmental monitors
needed at the Laboratory that became the basis on which the conceptual design reports for the proposed
line items “Environmental Monitoring Systems Upgrade, Phases I and II,” were developed. These
requests have been submitted for FY 85 and 86 funding, respectively.

There was progress on a number of new wastewater treatment systems. The group assisted the
Engineering Division in developing a criteria document for the new sewage treatment plant for the
Laboratory. In addition, the group participated in a critique of the existing Coal Yard Runoff
Treatment System and of the plans to improve it. This critique has led to the proposal of an FY 84
GPP to install a state of the art treatment system. The group also sponsored studies in the Engineering
Division for two treatment systems handling wastes from facilities located at Y-12: the Biology area and
the Isotope Separations Facility.

A project to correct rainwater inflow and groundwater infiltration problems into ORNL’s sanitary
sewer system was submitted for FY 84 funding. Work in this area will continue during 1984. Proposals
are also in preparation to modify certain process sewers to route their waste to a single collection point
in anticipation of a future nonradiological treatment system.

The group is coordinating a series of projects to improve the handling, treatment, and disposal of
hazardous materials. A project currently funded is the Hazardous Waste Storage Facility, a storage
warehouse under construction for full drums of hazardous waste (an FY 82 GPP). The group was
involved in several areas in support of this project, especially assisting in the preparation of the required
operation permit application. All technical issues have been resolved, but construction has been stopped
until the question of who the operator of the facility will be is resolved.

Preliminary design work also proceeded on the Chemical Waste Storage Facility, an FY 84 GPP
to construct a building with areas for handling and storing small quantities of incompatible wastes. The
directive for this project has been issued and the architect-engineer selected.
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The group developed plans in conjunction with the Hazardous Materials Control Group for a
number of additional facilities including buildings dedicated for recycling and recovery of wastes, long-
term storage for mixed waste (both radioactive and hazardous), disposal of excess or leaking gas
cylinders, and an area where explosives or shock sensitive chemicals can be safely detonated (see Fig.
4.10). These projects will be proposed for GPP funding in FY 85 and beyond.
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There were a number of special projects the group was able to assist the Department with
covering a broad spectrum of activities where the group had useful expertise, such as (a) assisting the
Department in responding to a number of major spills/releases which occurred, especially when high
levels of radioactivity began to appear at ORNL’s Sewage Treatment Plant; (b) representing the
Department on the Radioactive Operations Comnmittee; (c) working with the Engineering Division to
determine the impact of EPA’s implementing best available technology criteria on ORNL’s stack
discharges; (d) preparing an appendix to the Oak Ridge Reservation’s resource management plan on
the subject of waste management; (e) participating in a variety of audits, particularly those conducted by
Union Carbide Corp. before their contract’s expiration and by Martin Marietta prior to taking over the
contract; and (f) coordinating the preparation of a permit for a pump and haul operation for the Clark
Center Recreational Park’s new sewage system.

4.9.3 Environmental Surveillance Group

The Environmental Surveillance Group of the DEM provides technical, field, and laboratory
support for environmental monitoring and sampling activities. This group is responsible for collection of
hundreds of environmental samples, acquisition of field data, laboratory preparation of samples
(e.g., air, rainwater, surface water, groundwater, particulate matter, milk, soil, vegetation, insects, fish,
and deer). The sampling frequency ranges from daily to annually, depending on the environmental
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media and the monitoring parameters, which include radioactive and nonradioactive parameters, and

thousands of data points result from sample analysis (see Figs. 4.11 and 4.12). Other data points result .
from field data, real-time monitoring, and constant monitoring, and the parameters include pH, flow,
radiation levels, radionuclides, chlorine, temperature, dissolved oxygen, conductivity, and turbidity.

-
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Fig. 4.12. Total number of sampling stations.

The Environmental Surveillance Group has joint responsibility with the Data and Instrumentation
Group to develop sampling and monitoring programs that meet the goals of the DEM. This includes
the development of sampling plans, following the EPA, DOE, and UCC-ND methods and procedures. )

The 1983 year was a period in which routine sampling requirements were expanded, but beyond
that it was a year for several special sampling, monitoring, and supporting functions: .
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* Assisted the Environmental Sciences Division with the vehicle-killed deer pickup and autopsy
program.

¢ Implemented a TLD program on East Fork Poplar Creek.

* Conducted a wastewater characterization program of the discharge of ORNL facilities at Y-12.

* Assisted the DOE in emergency response capabilities by participating in the Nuclear Weapons
Accident Exercise conducted at the Nevada Test Site, the 1983 TVA Sequoyah Nuclear Power
Station Emergency Exercise, and the 1983 Commonwealth of Virginia Surry Nuclear Power Plant
Emergency Exercise.

* Provided support for the subcontract with Virginia Polytechnic Institute and State University for the
study of aquatic insects from White Oak Lake.

* Provided support for the subcontract with The University of Tennessee to conduct velocity
evaluations for six ORNL stacks.

¢ Conducted a special sampling program on White Oak Creek and White Oak Lake to determine
mercury contamination in sediments.

* Assisted with the ORNL/DOE response to the Compliance Evaluation Inspection of the Oak Ridge
National Laboratory by the state of Tennessee and the EPA.

* Provided special sampling of the Sewage Treatment Plant and White Oak Creek during a period of
operational problems.

* Conducted a special survey of the ORNL Sewage Treatment Plant system, White Oak Creek, White
Oak Lake, and the Clinch River for the release of ' and T,

¢ Conducted a special sampling of HFIR ponds, Melton Branch, and White Oak Lake for the release
of ?*Na from the HFIR facility.

* Assisted with the start-up of the new weirs and monitoring stations at Melton Branch, White Oak
Creek, and White Oak Dam. ‘

* Conducted the sampling of the Oak Ridge City Sewage Treatment Plant for the 129 priority
pollutants.

® Began the collection of samples from the new PAM stations at Y-12 and the American Museum of
Science and Energy.

* Placed new water samplers at Building 1505 and the Sewage Treatment Plant.

® Conducted a special sampling of Lamberry Quarry.

* Collected soil samples from around Buildings 4501, 3592, and 3503 for mercury analysis.

® Collected drinking well water samples from off-site locations for radionuclide analysis.

* Initiated a major sampling effort for the surplus facilities management program with the goal of
providing information on the radiological and nonradiological conditions of selected sites for planning
of decontamination and decommissioning activities.

The Environmental Surveillance Group also provides monitoring and sampling activities for the
Oak Ridge Gaseous Diffusion Plant (K-25), Y-12, and the Paducah Gaseous Diffusion Plant (PGDP).
These programs include:

* Stack sampling program for Y-12.

* Soil and vegetation samples for Y-12.

* TLDs for PGDP and K-25.

* Wildlife and vegetation samples for PGDP.

* Data from PAM stations, fish and water samples from the Clinch River, and other types of samples
primarily collected for ORNL which are provided to Y-12 and K-25 for their use.
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4.9.4 Hazardous Materials Control Group

The Hazardous Materials Control (HMC) Group is primarily responsible for managing
hazardous materials and waste activities for ORNL and its facilities at the Y-12 site. Hazardous
materials are controlled from their initial purchase or generation, during their use and storage, and
during their treatment or disposal. This responsibility must be met in order for the Laboratory to
comply with pertinent federal and state laws and regulations, DOE orders, corporate standard practice
procedures, and Laboratory policies.

During 1983, approximately 480 waste disposal requests were handled by the HMC Group
(Fig. 4.13). These requests represented over 140,800 kg of hazardous waste materials generated by the
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Fig. 4.13. Disposal requests processed by the Hazardous Materials Control Group.

ORNL facilities (Fig. 4.14). A large majority of these materials is shipped to off-site commercial
facilities for treatment or disposal. However, some waste streams are being managed by on-site
operations (i.e., recovery of silver from photo reproduction wastes, recycle of noncontaminated oils,
recycle of waste mercury, detonation of explosive chemical wastes, and chemical reaction of water
reactive chemical wastes). Figure 4.15 represents a percentage breakdown of the types of hazardous
waste materials. Of the total generated, over 60% must be stored or disposed of via landfilling,
incineration, or other controlled methods.

Recycle/Recovery Operations

The silver recovery system, which began operations in 1982, processed over 16,600 L of silver-
containing wastes during 1983. This represents approximately 600 troy ounces of silver metal which
was recovered-and returned to DOE’s precious metal pool.

Noncontaminated waste oils generated by various Laboratory processes represented a total of

37,830 L of waste material which was recycled.
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Fig. 4.14. Hazardous waste totals.
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Fig. 4.15. Percentage breakdown of types of hazardous waste.

Hazardous Waste Management Data Systems

Several computerized data systems were used by the HMC Group during 1983 in a continuing
effort to provide accurate information on waste management activities. The Hazardous Materials
Tracking System (HMTS) will track all hazardous materials as they make their way through the
Laboratory once the full system is on line. At present, only the waste disposal files are in use; however,
it is hoped that we will be able to initiate the barcode labeling phase of the system during 1984.

The PCB tracking system was created to maintain accurate files on all equipment containing PCBs

in use at the Laboratory, dates the equipment was drained and removed from service, PCB
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concentration, dates PCB wastes were placed in storage, and when shippped for disposal, etc. This
information is important for ensuring Laboratory compliance with the Toxic Substances Control Act
(TSCA) and the regulations governing PCBs (i.e., 40 CFR Pt. 761).

The Asbestos Waste Disposal System has continued to be effectively used. In 1983, ORNL
disposed of over 1400 m? of asbestos insulation from pipelines and over 240 m? of asbestos insulation
from tanks and ductwork. Also during 1983, a major program was undertaken by this Department and
the ORNL Industrial Hygiene Department to identify areas, both indoors and out, where asbestos
insulation could pose potential hazards to personnel and/or the environment. Approximately 50 such
areas were identified. The insulation was removed and replaced with nonasbestos material. This
identification process is expected to continue over the next few years.

RCRA Permit Application

During 1983 a considerable amount of personnel time was spent in the preparation of the RCRA
Part A and B permits for the new Hazardous Waste Storage Facility at ORNL. Many issues and
questions had to be resolved, and the question of the facility operator has prevented the EPA from
issuing the permit.

Disposal of Reactive/Explosive Chemical Wastes

With the addition of an experienced handling expert to the group, HMC personhcl were able to
dispose of a five-year backlog of explosive chemical wastes. Through the use of commercially available
plastic explosives, ~75 kg of these waste materials were detonated per requirements outlined in 40
CFR Pt. 265.382.

The group has also provided assistance to the Department and the Division in several other areas:

* Provided support for subcontract with the University of Tennessee to study volume reduction options
on low-level radioactive wastes generated at the Biology Division.

* Provided assistance to the sampling group’s soil sampling program for mercury around Buildings
3503, 3592, and 4501.

* Made updates and revisions to ORNL’s Spill Prevention Control Countermeasures and Contingency
Plans.

* Established in-house RCRA training programs for Department and support personnel in the area of
hazardous waste management activities. An individual within the group was assigned the
responsibility of RCRA Training Coordinator.

* Prepared the Hazardous and Radioactive Mixed Waste Management Plan for ORNL as required by
DOE Order 5480.2.
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5.1 INDUSTRIAL SAFETY

The Industrial Safety Section is responsible for developing and implementing accident prevention
and loss management programs within the Laboratory. The staff provides consultation and assistance in
matters concerning industrial safety and participates in inspection and evaluation programs to assess the
level of safety in various ORNL activities. The staff participates in a variety of safety-related activities,
including developing safety policies and procedures, reviewing engineering drawings for safety content,
and providing safety orientation and specialized safety education programs. The group maintains a
library of DOE-prescribed safety standards, safety reference material, and audiovisual aids. The section
provides Laboratory-wide on- and off-the-job safety promotion activities. Whenever an injury or
accidental property loss occurs, the safety staff is involved in the investigation, analysis, classification,
and documentation of the incident. The safety staff also provides support to ORNL’s Construction
Engineering Section in carrying out the construction safety program.

The Industrial Safety Section assists management in formulating and directing the Laboratory’s
safety program and in developing and maintaining a high level of safety awareness in all Laboratory
employees through a program consistent with corporate safety policies.

5.1.1 Industrial Safety Activities

The safety staff assists the management line organization and Laboratory personnel in all areas
relating to personnel safety and accident prevention. A principal function is to help Laboratory division
representatives in the development of action plans to meet safety requirements adequately. Included in
the action plans are the routine activities normally associated with a successful safety program: (1)
conducting safety meetings and inspections; (2) investigating, analyzing, and reporting all accidents and
near misses; (3) formulating and issuing policies, guides, procedures, and standards; (4) providing
education and training services; (5) conducting periodic safety performance appraisals; (6) seeking to
improve off-the-job safety performance; and (7) preparing records and reports. The staff performs
quarterly evaluations of each Laboratory division’s safety performance in these and other areas. Safety
action plans for all Laboratory divisions were developed in 1983.
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The section was audited in February 1983 by representatives of the UCC-ND Office of Health,
Safety, and Environmental Affairs. The UCC-ND Safety and Health Audit recognized ORNL for
administering effective and innovative safety and health programs consistent with UCC, DOE, UCC-
ND, and Laboratory requirements but noted several procedural errors for which corrective action was
immediately initiated.

5.1.2 Construction Safety

Special emphasis on construction safety continued during 1983. Several safety training sessions
were held with ORNL construction engineers to help them better recognize safety problems on the
worksite; these sessions dealt with such subjects as protective equipment, falling hazards, safety
awareness, and steel construction.

Formal, documented site inspections with the construction engineers were supplemented by
informal site visits. Prompt corrective action was emphasized when deficiencies were noted.
Participation in preconstruction meetings and review of engineering designs and specifications were also
part of the construction safety effort.

5.1.3 Off-the-Job Safety

An ORNL off-the-job safety action plan was developed to formalize efforts under way to reduce
off-the-job injuries that result in pain suffering to employees and a large economic loss to the
Laboratory. Off-the-job safety was emphasized through safety bulletins, quarterly safety meetings, new
visual aids, and promotional literature. The National Safety Council’s (NSC) quarterly publication
Family Safety Magazine was mailed to the home of each ORNL employee. Off-the-job safety will
continue to receive strong emphasis as part of the Laboratory’s overall safety program.

5.1.4 Safety Performance

The continuing emphasis on safety in 1983 resulted in significant improvements in the ORNL
safety program. Through the combined efforts of all employees, ORNL safety performance was
excellent.

Lost workday cases Recordable injuries and illnesses
Number Incidence rate  Number Incidence rate
1983 (actual) 2 0.05 25 0.64
1983 (control) 1 0.02 32 0.76

As of December 31, 1983, the Laboratory had worked 157 days and accumulated 3,339,681 exposure
hours since the last lost workday case.

The off-the-job safety program was expanded in 1983 by devoting more safety meetings to the
subject. In these meetings, films purchased from outside sources, internally created videotapes, and talks
about personal experiences were presented. Additionally, information on off-the-job accident prevention
continued to be distributed to employees as handouts in safety meetings and through direct mailing to
employees’ homes. ORNL safety performance in this area left much to be desired:

Off-the-job Off-the-job
disabling injuries frequency rate
1983 (actual) 62 3.80

1983 (control) 47 2.79
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A comparison of UCC-ND on-the-job lost workday and recordable injury and illnesses cases is shown
in Tables 5.1 and 5.2, respectively.
The laboratory earned the following awards for safety performance in 1983:

® The NSC Award of Honor for the ninth consective year (NSC’s highest award)
® The DOE Award of Excellence for maintaining the incidence rate of lost workdays and restricted
work cases below 1.1 for five consecutive years

Continued outstanding safety performance contributed to a reduced Workmen’s Compensation premium
. paid by ORNL—over $1,300,000 (based upon the 1979 premium rate) saved in the past three years.
o Employees throughout the Laboratory demonstrated a very positive attitude toward safety, and
T with this type of continued attitude and effort, ORNL will stay well below our control limits for 1984.

Table 5.1. UCC-ND comparison of on-the-job lost
workday cases and incidence rates

1979 1980 1981 1982 1983
Site
No. Rate No. Rate No. Rate No. Rate No. Rate
ORNL 3 0.07 3 0.07 0 0.00 1 0.02 2 0.05
L Y-12 2 0.03 1 0.02 2 0.03 2 0.03 4 0.06
: . ORGDP 0 0.00 2 0.04 1 0.02 1 0.02 2 0.05
- PGDP 1 0.05 2 0.11 0 0.00 0 0.00 0 0.00
Table 5.2. UCC-ND comparison of recordable injuries and
illnesses and incidence rates
1979 _ 1980 1981 1982 1983
Site
No. Rate No. Rate No. Rate No. Rate No. Rate
ORNL 44 105 41 096 41 095 24 059 25 0.64
Y-12 56 091 80 125 53 08 66 09 76 1.10
ORGDP 72125 55 098 49 096 25 059 24 061
PGDP 36 175 25 134 19 119 18 138 12 098
5.1.5 Education and Training
: The Department provided on-the-job training for a graduate student from the University of
‘ Tennessee that was the equivalent of a one-quarter course in the graduate safety program at the

university.
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5.2 OFFICE OF OPERATIONAL SAFETY

In 1983 the Office of Operational Safety (OOS) continued to discharge its safety responsibilities to
the Laboratory by coordinating and managing an effective operational safety program to ensure that all
reactors and nonreactor nuclear facilities continued operation in a safe and responsible manner in
accordance with Laboratory and DOE requirements.

Achievement of an effective operational safety program requires participation and support from
many individuals and groups, beginning with line operators, and visible support from all levels of
management. To provide the expertise to determine and ensure that all facilities are safely operated, the
Laboratory Director’s Review Committees were used extensively, as were the services of Laboratory

divisions’ radiation control officers (RCOs) and division safety officers (DSOs).

To provide the means to manage the Operational Safety Program effectively, the total effort is
divided into several functional groups and responsibilities: the Laboratory Director’s Review
Committees; DSO-RCO activities; staff consultation and review activities; the ORNL Safety Analysis
and Review Program; decontamination and decommissioning activities; and the Unusual Occurrence
Reporting (UOR) System.

These responsibilities and functions are managed and coordinated by the OOS staff, which
consisted of the office director, two technical staff members, and a secretary in 1983. The technical

| functions and responsibilities were divided between the director and staff. Secretarial and administrative
l o functions such as arranging and scheduling committee meetings, preparing committee reports,
I memoranda and other correspondence were the responsibility of the secretary. Because of the increased
work resulting from increased DOE requirements in audits, training, and documentation, and
additional responsibilities assigned to the OOS, plans are under way to increase both the technical and
secretarial staff in 1984.

: 5.2.1 Laboratory Director’s Review Committees
The Laboratory Director’s Review Committees were again very active in 1983, performing both
periodic and specially called reviews and audits of facilities and operations in their respective areas of
responsibility. The OOS again coordinated activities of the committees: Radioactive Operations, Reactor
Operations Review, Reactor Experiments Review, High-Pressure Equipment Review, Transportation,
: Accelerators and Radiation Sources Review, Criticality, and Electrical Safety.

In 1983 the committees conducted 49 periodic reviews and 16 special reviews. There were three
meetings with the Laboratory Executive Director to discuss committee recommendations and concerns
resulting from the year’s activities. Executive Director meetings with the remainder of the committees
will continue into next year.

The OOS serves as the representative of Laboratory management in ensuring implementation of

committee recommendations and in resolving any disputes which may result from them. Considerable

time was spent in follow-up of these recommendations.

5.2.2 DSO-RCO Activities

The DSOs and RCOs continued to play a very important role in the Laboratory’s overall safety
program in 1983. Several divisions made changes in DSO-RCO assignments during the year, and they
are reflected in the listing of current assignments in Table 5.3.
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Table 5.3. Division safety officer-radiation control
officer directory, July 15, 1983

Division Name Phone - Bldg. Room MS
Analytical Chemistry R. E. Jones, RCO 4-4886 2026
A. L. Harrod, DSO 4-4853 45008 S-150 148
Biology J- A. Otten, DSO, RCO 4-1198 9207 A-403 007
Chemical Technology C. D. Watson, DSO, RCO . 4-6140 4500N B-232 01A
F. A. Kappelmann, Alt. 4-6569 3508 A-002
Chenmistry F. J. Smith, DSO 4-4945 45008 F-260 254
L. L. Brown, Alt. DSO 4-5034 4500N
D. R. Simpson, RCO 4-4996 5505
W. D. Carden, Alt. RCO 4-4997 5505 026
Computer Sciences J. M. Barnes, DSO, RCO 4-6087 6025
Central Management G. C. Cain, DSO 4-6606 5000
Employee Relations J- A. Holloway, Jr., DSO 4-4438 4500N > J-104 108
Energy C. M. Haaland, DSO, RCO 4-4518 3001 304 217
Engineering A. D. Johnson, DSO 4-6450 1000 103B 107
Engineering Technology C. A. Mills, DSO 4.0410 9201-3 002
R. B. Gallaher, Assoc. DSO 4-0385 9764 001
A. W. Longest, RCO 4-0259 9201-3 399 005
Engineering Physics R. R. Spencer, DSO, RCO 4-6126 6010 203 207
& ORELA S. L. Rider, Alt. 5-7156 6025
Environmental Sciences M. H. Shanks, DSO, RCO 6-2372 1505 156
Finance and Materials G. E. Testerman, DSO 4-6075 4500N J-224 221
Fuel Recycle D. E. Dunning, DSO, RCO 4-7140 7601 204
Fusion Energy W. C. Brock, Jr., DSO, RCO 4-0139 9201-2 007
G. F. Bowles, Alt. 6-3711 9201-2 007
Health Division J. A. Ealy, DSO, RCO 4-6167 3550 016
W. E. Porter, Alt. 4-6164 3550 015
Health & Safety Research F. R. O’Donnell, DSO, RCO 6-2132 45008 E-216
Industrial Safety & R. E. Millspaugh, DSO 4-6680 45008 H-260
Applied Health Physics A. J. Smith, RCO 4-6524 3001
Information E. J. Howard, Sr., DSO 4-0668 9711-1
J- G. Pruett, DSO 6-1750 2024
Instrumentation & Controls E. M. Robinson, DSO, RCO 4-6681 3500 12
Laboratory Protection R. L. Atchley, DSO 4-6277 2500 105 112
H. C. Austin, RCO 4-7017 3037 203 205
Metals & Ceramics W. H. Miller, Jr., DSO, RCO 4-5171 4508
E. S. Bomar, Assoc. RCO 4-5125 4508
Operations D. W. Ramey, DSO, RCO 4.5912 2024 54
Physics K. S. Toth, DSO, RCO 4-4732 6000 257 255
Plant & Equipment R. H. Winget, RCO, DSO 4-4303 2518 201 207
Quality Assurance & J. L. Holbrook, DSO, RCO 4-7247 2000 8
Inspection R. G. Pope, Alt. 4-7282 2000 39
Solid State R. R. Coltman, DSO 4-6263 3115 002
H. R. Child, RCO 4-5235 3025 E-209
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During 1983 quarterly meetings were conducted on January 27, April 27, July 26, and October
20. The Laboratory Executive Director was present at the January 27 meeting and kicked off the
year’s activities. These meetings are documented in ORNL/CF-83/19, ORNL/CF-83/99,
ORNL/CF-83/257, and ORNL/CF-83/325, respectively.

5.2.3 ORNL Safety Analysis and Review Program

Work on the Safety Analysis and Review Program for Nonreactor Nuclear Facilities required by
DOE Orders 5481.1A and OR 5481.1A continued in 1983. To speed up the completion of
documentation of existing nonreactor nuclear facilities, five retired Laboratory employees were engaged
as consultants to begin writing safety analysis reports (SARs) for five facilities. All consultants were
experienced technical operating or engineering personnel, very familiar with the actual facility or type
of facility that they were engaged to write about. During the year, writing of other safety
documentation by current facility operators continued, as did writing of documents for new or major
modified facilities by Engineering Division and/or specially assigned operating groups.

At the end of 1983, seven SARs and Operational Safety Requirements (OSRs) for existing
facilities and five for new facilities had been completed and received DOE/ORO approval. Drafts of
nine SARs and OSRs for other existing facilities were completed by the end of the year, and writing of
SARs by the consultants was begun during the year on five other existing facilities. The writing of the
SAR and OSR for one new project, the Consolidated Edison Uranium Solidification Project (CEUSP),
was also completed in draft form in 1983. Therefore, at the end of 1983, SARs and OSRs for 21 out of
the Laboratory’s 24 existing nonreactor nuclear facilities (excluding accelerators) had either been
written and approved by DOE, had been completed in draft form, or were being written. The total
documented cost to date of the safety documentation program for existing facilities is $1,200,000.

By the end of FY 84, it is expected that safety documentation for all but 4 of the 24 nuclear
facilities (excluding accelerators) will have been submitted to DOE/ORO. Documentation for the others
started by consultants in FY 84 will be completed in FY 85, as will draft documents for all the
Laboratory’s accelerators. The entire Safety Documentation Program for Nonreactor Nuclear Facilities
is expected to be complete by the end of FY 86.

5.2.4 Facility Decontamination and Decommissioning (D&D)

A considerable effort is under way in the Laboratory to decontaminate and decommission surplus
nuclear facilities. This effort is directed by the Surplus Facilities Management Program within the
Laboratory’s Waste Management Program with input from several divisions and safety and
environmental groups. A member of the OOS staff is assigned to represent Operational Safety interests
and coordinate health physics concerns in the D&D effort. Considerable work was done by the assigned
staff member during 1983 in reviewing D&D criteria, assisting in planning of D&D activities, and
helping to establish health physics and radiological characterization requirements for surplus facilities
scheduled for D&D.

In addition to reviews, specific D&D activities during the year involving staff participation
included beginning work in Buildings 3505 and 3517, completion of emptying the gunite waste tanks,
and removal of old ducts and other equipment during renovation of the 3039 stack ventilation system.

An OOS staff member served on the Surplus Facilities Management Program’s Ad Hoc Review
Committee, which considered long-range plans for surplus facilities and recommended decommissioning
options.
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5.2.5 Unusual Occurrence Reporting (UOR) System

One staff member is assigned the responsibility for coordinating the Laboratory’s UOR system.
Considerable time was required to process the 24 UORs generated in 1983 that resulted from
occurrences in 6 divisions (of the 21 in the Operations Division, 15 resulted from reactor operating
problems).

In addition to ensuring that UORs are written when required, the UOR Coordinator follows the
proposed corrective action listed in the report, ensures that final UORs are prepared, and writes
quarterly summaries for distribution to ORNL, division, and DOE management.

5.2.6 Staff Consultation, Review, and Other Activities

Again in 1983, a large portion of staff time was required to manage Operational Safety concerns
and activities in addition to those previously discussed. The staff reviewed numerous proposed
experiments and operations and/or changes to them and processed requests for approval for their
operation. The types of activities reviewed and/or approved included changes in reactor controls and
instrumentation, disposal of radioactive wastes, transportation of nuclear and other hazardous wastes,
design and operation of high-pressure experiments and reactor experiments, facility design criteria and
operations, and changes and proposals involving handling and processing of radioactive materials.

Additional staff activities included participation in and/or conducting investigation of operational
incidents and minor radiation incidents. Assistance was also provided in planning and observing
emergency drills; e.g., considerable effort went into planning, assisting, and observing a criticality
accident drill held in October. The staff also participates in and develops procedures for the ORNL
Health Physics Manual, ORNL Safety Manual, and Standard Practice Procedures. Considerable staff
time was spent in 1983 in reviewing and revising procedures in these manuals.

Assistance to Engineering Division in developing the criteria for polycarbonate glove box windows
continued. These criteria will be included in a revision of Criteria for Controlled Atmosphere Chambers
(ORNL/TM-6865). Assistance was also provided to Laboratory staff members in the design,
procurement, and use of glove boxes.

As part of the responsibility of providing liaison between ORNL management and the DOE on
operational safety matters, several meetings were held with DOE safety staff personnel. Included in
these meetings was participation in the following surveys, reviews, and audits:

DOE 1983 Reactor Safety Appraisal, November 14-22, 1983

DOE 1983 Ciriticality and Transportation Safety Audit, September 6-9, 1983
DOE 1983 Health Physics Audit, September 19-October 28, 1983

DOE 1983 Fire Protection Appraisal, July 18-28, 1983

DOE Nonreactor Nuclear Facility Safety Appraisal, June 27-August 19, 1983

Staff members of the OOS assisted Laboratory divisions in- developing training programs for
operators and supervisors of nonreactor nuclear facilities. The training programs are required by DOE
Order 5480.1A, Chapter V, and DOE Order 5481.1A.

Office responsibility in these audits also includes following up audit recommendations and
generating progress reports when necessary. The staff also participated in the Nuclear Division’s audit

of the Laboratory’s Safety Program and Safety Analysis Documentation Program. The Office Director

- also served as a member of the UCC-ND audit team reviewing the Safety Analysis and Review
Program of the Y-12 Plant. Another staff member served on the UCC-ND audit team reviewing the
health physics program and related activities at the PGDP.
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5.2.7 Summary

There were no facility or nuclear reactor accidents or incidents that resulted in personal injury or
were reportable to DOE in 1983. There were, however, minor operating incidents which resulted in
UORs or quality assurance deficiency reports.

Consultation, review, and approval of numerous requests and concerns involving operational safety
matters presented by Laboratory facility staffs were handled by the OOS staff in 1983. The staff
continued to review (or organize review of) facilities by the appropriate Director’s Committees to ensure
continued safe operation and to bring matters of concern to management’s attention.

Staff work increased in managing and executing the Laboratory’s safety documentation program
because of the acceleration of document preparation by employing consultants to prepare SARs. The
workload was also increased because of participation in a extensive review of the Laboratory’s safety
analysis program by DOE/ORO over the period from June 27 to August 19. In addition, extensive
work was done in providing assistance and reviewing preparation of the SARs for CEUSP and the
Building 3039 stack ventilation system.

Work continued in assisting the ORNL waste management group in planning, reviewing, and
executing D&D activities. Special attention was given to the D&D work started in Building 3505 and
that ongoing in renovation of the Building 3039 stack ventilation system.

Coordination of the Laboratory’s UOR program continued during the year and required
considerable attention to ensure that timely reports were written and distributed in a responsible
manner and to see that follow-up actions were implemented.

The staff workload has steadily increased during the past several years, and 1983 was no
exception. Because of increased assigned duties and more DOE requirements in audits, training, and
documentation, responsible handling of all operational safety concerns by the present staff became very
difficult during the year. To overcome this problem, plans for increasing the staff, both technical and
administrative, are under way. The replacement for a retiring technical staff member was approved,
and the request for one additional technical and one additional administrative staff member is under
consideration.




6. RADIATION AND SAFETY SURVEYS DEPARTMENT
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6.1 FACILITIES’ OPERATIONS MONITORING

The Radiation and Safety Surveys (R&SS) Department provided radiation and safety surveillance
services at facilities operated by research and operating groups to keep exposures to personnel,
concentrations of airborne radioactivity, and levels of surface contamination well within permissible
+ limits and in agreement with the as-low-as-reasonably-achievable (ALARA) philosophy. These
surveillance responsibilities were performed by R&SS Department staff working in nine geographical
areas referred to as Complexes. Figure 6.1 shows the boundaries and the name of the area leader of
each Complex. Each area contains a mix of R&SS Department staff that is dictated by the type and
magnitude of hazard that exists.

Support and assistance in coping with the problem associated with radiation work, other than
surveillance, was provided through seminars, safety meetings, and discussion with those planning,
supervising, and performing the work. The vast majority of our ORNL operations proceed without
incident; however, during 1983 there were 17 minor incidents, all of which were well below the level
requiring an official report to DOE. The following is a brief review of some of the major nonroutine
activities involving R&SS staff.

Bulk Shielding Reactor (BSR), Building 3010

In 1983, the BSR was shut down for pool maintenance. All old experimental assemblies and other
used equipment were removed from the pool and sent to the burial ground or to storage. Fuel elements
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from the BSR and Pool Critical Assembly were transferred to the Building 3001 canal and the ORR
pool for storage. The pool water was drained and the walls and floors were repaired and repainted.

This work took place from January through October 1983. An examination of exposure sustained by

those involved in this operation indicated that close surveillance by R&SS staff resulted in minimal

exposures.

Radiochemical Pilot Plant Operations, Building 3019

Plutonium Uranium Microsphere Preparation (PUMP). PUMP facilities began operations in
February 1983. During the year, several kilograms of plutonium were processed in this facility to
produce mixed-oxide microspheres of plutonium and depleted uranium. Microspheres meeting
specifications are packaged and shipped off site for fuel pellet fabrication and irradiation testing in the
Fast Flux Test Facility (FFTF). R&SS Department personnel provided health physics training for
PUMP technical support personnel and maintained close surveillance of PUMP operations and
facilities. In general, radioactive material containment was good, though there were two minor releases
in one of the PUMP laboratories. Dose equivalents sustained by individuals involved in this process
were well below permissible levels.

Consolidated Edison Uranium Solidification Program (CEUSP). Approximately 1050 kg of
uranium recovered from the Consolidated Edison Indian Point Reactor is stored as uranyl nitrate in the
Thorium Reactor Storage Tank (TRUST). To eliminate some concerns about the safety of the present
storage, the uranium is to be solidified and stored in sealed cans in a vertical array previously installed
in Cell 4. The cost plus award fee (CPAF) contractor continued installation of equipment for this
process in Cell 3 and adjacent facilities. The R&SS Department staff provided health physics
indoctrination, consultation, and monitoring surveillance for contractor personnel, who cooperated in
maintaining Cell 3 essentially free of transferable contamination so that C-Zone clothing was not
normally required.

Air filter samples were collected regularly from the duct that vents the TRUST pit to Cell 5.°
Evaluation of these samples indicated no leakage of uranium from the storage tank.

The R&SS Department staff also recommended shielding requirements for CEUSP sample
transfers and provided input for the CEUSP Final Safety Analysis Report and Operating Safety
Requirements documents.

By Processing and Storage. The Radiochemical Pilot Plant serves as a respository and
processing center for the Department of Energy’s inventory of 2?U. Safeguarded storage for 23°U solids
and liquids is provided. Process facilities are maintained in operational readiness for dissolution of 233U
solids, for solvent extraction and ion exchange purification of 2*U nitrate solutions, and for conversion
of these 2>U nitrate solutions to oxides.

During the year, approximately 55 kg of 23U was received and placed in storage. One oxide
conversion run and several dissolution and purification runs were made. The R&SS Department staff
provided health physics consultation, training, and monitoring surveillance for operation, maintenance,
and modifications to these facilities. Eighty-three Radiation Work Permits were certified for jobs
involving a potential for exposure beyond the daily permissible limits. Radiochemical Pilot Plant
personnel cooperated in minimizing personnel dose equivalents and in confining loose radioactive

materials to established zones where control measures were adequate.
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Isotope Area Operations, Building 3038

Work in this area involved the production, packaging, and shipment of radioisotopes for medical,
industrial, and experimental uses. Principal isotopes were ’H, ¥Kr, 80Co, "Se, *%Sr, Ny, 18G4, 137Cs,
1921, BTNp, 24Am, 2#Cm, ¥2Cf, and several isotopes of plutonium. A total of 2421 radioactive
shipments were made during the year. The Isotope Research Materials Laboratory continued the
fabrication of flux monitors from various isotopes of Np, Pu, Th, and U. This group also prepares 20-
and 50-cm-diam >H targets for shipment to Lawrence Livermore National Laboratory and Japan;
monitoring all shipments ensured that they were in compliance with applicable U.S. Department of
Transportation regulations.

Decontamination of the curium cells in Building 3038 and the charging area east of the cells was
completed and the cells made ready for other operations. Extremely high levels of alpha contamination,
with smears counting greater than 1.0 X 10¢ alpha disintegrations per minute required close
monitoring to prevent uncontrolled spread of contamination.

The Radioisotope Development Group handled approximately 120,000 Ci of *H in the fabrication
of light sources that are being used primarily for runway markers at airports. The potential uses of
such devices are numerous, €.g., highway markers and signs at construction sites.

Cell Ventilation Duct Removal, Building 3039 Stack

During the first quarter of 1983, R&SS personnel monitored the dismantling and removal of the
cell ventilation ducts from the 3039 stack area by the Rust Engineering Co. Each section of duct was
wrapped in plastic as it was dismantled and transferred to the Solid Waste Disposal Facilities for
disposal. Radiation levels encountered during the dismantling operation were as high as 3 mGy/h (300
mrad/h). Aggravating the problems introduced by the presence of radiation and contamination was the
deteriorated condition of the ducts and severe weather conditions that sometimes threatened the plastic
enclosures. Good planning and cooperation with Rust Engineering personnel, cautious execution, and
continuous monitoring by R&SS personnel kept exposures well below permissible levels and prevented
any significant spread of contamination.

Oak Ridge Research Reactor (ORR), Building 3042

One program of interest at the ORR was the visual and ultrasonic inspections and subsequent
modification and repair of the ORR reactor primary coolant lines. Small holes in both lines required
the installation of mechanical patches to prevent further water leakage to the ground. Removable spool
sections in both the inlet and exit lines and another strainer in the reactor vessel inlet line were
installed. Radiation readings in both lines varied; up to a maximum of 2.5 mGy/h (250 mrad/h) were
observed. Although the beta-gamma contamination levels were high, activity was confined to the
established contamination zomes through deployment of good radiation hygiene practices by those
involved in the work and close monitoring by health physics personnel.

Another item of concern was the failure in November of the TRIGA-LEU experiment in the F-9
position of the reactor core that resulted in both the primary and pool systems becoming grossly
contaminated with mixed fission products. Radiation readings observed on the outer surfaces of the
primary lines varied from 3 mGy/h (300 mrad/h) to 30 Gy/h (3 rad/h). Readings taken in the east
reactor pool ranged from 2.5 mGy/h (250 mrad/h) to 5 mGy/h (500 mrad/h). Beta-gamma
transferable activity in both systems indicated that the walls and equipment were contaminated up to
2 mGy/h (200 mrad/h) and a maximum alpha count of 1.5 X 10* disintegrations/min - 100 cm?.
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To minimize the hazards associated with the day-to-day operation of the facility, several
precautionary steps (including increased health physics consultation, surveillance, and monitoring
support) were implemented by the EOS Division.

Manipulator Repair Shop Operations, Building 3074

The Plant and Equipment (P&E) Division operates this facility for repair and maintenance of
manipulators and other specialized hot cell equipment. Vacuum pumps are also serviced. Manipulators,
parts, etc., are often grossly contaminated with alpha and/or beta-gamma emitters and must be
decontaminated in specially designed glove boxes. R&SS Department personnel perform detailed
surveys of manipulators, parts, and associated equipment at various stages of decontamination and
repair and advise maintenance personnel on procedures to be followed. Radiation control in this facility
has been very good.

Decontamination and Decommissioning of Cell 8, Building 3517

Decontamination and decommissioning of Cell 8, Building 3517, was started on August 2, 1983.
Cell 8, one of the shutdown process cells used in the processing of *’Cs during the 1960s and 1970s, is
a stainless-steel-lined cell 7.5 ft wide by 12.5 ft long and 12 ft deep. It contained one 25-gal and two
125-gal stainless steel tanks, and a great deal of piping to other tanks within the system, service piping,
and instrumentation lines. The decommissioning was performed from the top of the cell by P&E
personnel using remote cutting tools. Personnel worked in a background of 3 mGy/h (approximately
300 mrad/h) at the top of the cell. Readings on tanks and valves in the cell went to 1 Gy/h (100
rad/h) at 15 in. About 50 entries were made by P&E personnel to assist the Operations Division in
dismantling this equipment.

Some 9.4 m® of solid waste was removed from the cell and sent to the Solid Waste Storage Area;
about 45 m*® went to the compactible dumpster prior to disposal as compacted waste. Approximately
two months were required to complete the work, with almost continuous surveillance provided by
R&SS personnel. About 70 P&E personnel were used on the Job so that exposures on this job would
not exceed 10% of the annual limit. External exposure levels remained within the limit and
contamination was confined to the immediate area surrounding the cell entrance,

Wings 1, 2, & 3, Building 4500N

This area contains facilities occupied by several divisions and as a result research is diverse.
Chemical Technology uses various types of bacteria to reduce wastes, algae are studied in an attempt to
produce hydrogen cheaply; lasers are used to determine mixed-function oxidase responses, and Zn-
uranyl solutions are used to study interaction after crystal growth. The Chemistry Division is
experimenting with chemical reactions in coal and coal-related materials. They also use isotopes in
different types of soil for leach testing.

A Physics Division lab in Room F-13 was dismantled and refurbished for use by other divisions.
Low-level uranium contamination encountered during the cleanup was caused by past operations.

High-Level Radiochemical Laboratory, Building 4501

The High-Level Radiochemical Laboratory is opérated by the Chemical Technology Division and
used as a multipurpose facility; for example, studies are conducted on fission product release from
reactor fuel elements under accident conditions in the four large hot cells.
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A decision was made by this division to dispose of excess radioactive material stored in some 31
shielded wall vaults in the building. Because inventory records were missing or incomplete the first task
was to characterize the activity and determine radiation levels and extent of contamination present.
Radiation readings of up to 5 Gy/h (500 rad/h) were found at contact with spent fuel specimens; alpha
contamination from transuranics -was greater than 10° disintegrations/min in some vaults. Long-term
storage had resulted in degradation of packaging with consequent potential for contamination of
personnel and facilities. A temporary plastic-lined containment area was constructed outside of those
vaults with the higher level of transuranics. Personnel used double suitings of coveralls and respiratory
protection, and special handling tools and techniques were devised to minimize exposure. All operations
were under the continuous surveillance of area health physicists. Source removal and decontamination
of the vaults was performed by members of the Chemical Technology Division during CY 83. The most
hazardous operations were conducted during off hours to minimize disruption of routine area activities.
Personnel monitoring, including bioassay sampling and whole-body counting, demonstrated that all
exposures were less than permissible limits; no contamination was found outside of zoned areas.
ALARA principles were followed; there were thought to be no unnecessary exposures and the total
man-rem exposure was minimized. This was accomplished by thorough preplanning and excellent
cooperation among the divisions involved (P&E, Operations, Chemical Technology, and EOS).

Metals and Ceramics Division, Building 4508

The Metals and Ceramics Division operated various R&D laboratories involved in developing,
fabricating, and testing advanced ceramics, high strength alloys, special purpose insulations, and hard
coating techniques.

Advanced materials-joining techniques such as laser and electron beam welding are also studied
and developed; materials testing may include irradiation and subsequent post-irradiation examination
through the use of techniques such as scanning electron microscopy. In addition to surveillance of
routine operations in these facilities, health physics personnel participated in the planning of and
provided close monitoring for a number of jobs with unusual hazard potential. These included several
large work areas (Rooms 254 and 121) being converted from “C-Zone” areas to clean laboratory space.
Dismantling of equipment and removal of glove boxes was started in the Ceramics Fuels Alpha Facility
(Pu Lab), Room 139.

Health physics consultation in all areas of this work helped promote the ALARA philosophy as
well as general laboratory safety.

Transuranium Research Laboratory (TRL), Building 5505

The EOS staff at TRL continued to provide protective and technical support to experimental
programs involving the investigation of physical and chemical properties of transuranic elements.
Primary emphasis was on ensuring that appropriate containment enclosures were used and that
researchers were familiar with the proper safety procedures and techniques.

In addition, the staff assisted in the operation of the TRL ventilation and containment system and
served as the Chemistry Division’s Radiation Control Officer (RCO) and alternate. The Final Safety
Analysis Report and Operations Safety Requirements manual were completed and submitted to DOE
for approval.
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Accelerator Complex, Buildings 6000, 6010, and 6025

Radiation safety in the accelerator complex during 1983 remained excellent. There were no
unusual occurrences or personnel exposures beyond permissible limits and there were no releases that
resulted in a spread of contamination beyond zoned areas. Continually operating air monitors in and
around the facility indicated effective containment of particulate radioactive materials; no responses
significantly above background were observed.

A number of features designed to improve the quality of radiation safety were added and/or
initiated during the year: (1) a procedure for testing the Tandem Safety System in use at the Holifield
Heavy Ion Research Facility (HHIRF); (2) new shielding mazes installed in the University Isotope
Separator-Oak Ridge (UNISOR) area; (3) relocation of the ventilated HEPA filter hood for low-level
source work in the UNISOR South Addition area; and (4) the new UNISOR South Addition now in
use for research activities.

High Flux Isotope Reactor (HFIR), Building 7900

Neutron radiation damage to the outer (permanent) beryllium reflector ring of the reactor required
that it be replaced. This was a major operation requiring the disassembly and reassembly of most of the
reactor vessel components including the four engineering facility tubes and the four horizontal beam
tubes with their associated shields. In addition major maintenance and replacement operations were
performed on other reactor systems, such as the control plate drive and primary heat exchanger systems.

R&SS assistance and surveillance were provided 24 hours per day for six days a week during the
three months’ shutdown. The potential for high personnel exposures and for the release of
contamination was present during most of these operations. There were periods when personnel were
required to work directly with highly radioactive and grossly contaminated equipment; however,
transferable contamination was confined to the work area itself, except for rare occurrences, and always
to the room in which the various operations were performed. Exposure dose equivalents to all personnel
involved in the program were kept well below the quarterly limit: the highest accumulated exposure
sustained by any of the 45 persons involved in the operation was 6.75 mSv (675 mrem). The average
exposure was 3.40 mSv (340 mrem), and the exposure burden for the operation was 0.145 man-Sv
(14.5 man-rem).

Transuranium Facility (TRU), Building 7920

Work at the TRU Facility involving separation and purification of heavy elements such as 2#Cm,
32Cf, 2°Es, and *Fm continued. Additionally, one 2**Ra source was prepared in Cell 9 for an outside
purchaser. A few employees received more significant doses than others in the separation and
purification processes. Special tools and techniques were developed to help reduce this dose. The
ALARA program has been enhanced by the installation of roll-around shields for the process glove
boxes. These shields are made of special materials to reduce both the gamma and neutron doses.

Hydrofracture Facility

Continuous surveillance was provided during seven intermediate-level waste (ILW) injections that
totaled about 18.8 PBq (509,580 Ci) of activity (predominantly *°Sr and ¥’Cs). Continuous coverage
was also necessary during preparatory maintenance, cell decontamination work, and the well recovery
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operation. Although the ®*Sr concentrations were extremely high, personnel exposures were kept below
maximum permissible levels by careful planning and special monitoring. Ratios of skin dose to
penetrating doses varied from 6 to 20, making close surveillance of this work mandatory.

Tank Farm Operation

The Gunite Tank Sludge Removal Project required frequent monitoring, particularly during
maintenance, repair, and transfer of equipment to and from the waste tanks. Contamination control was
a major concern with this operation because of its proximity to a frequently used Laboratory
thoroughfare. Close surveillance by R&SS staff confined any releases to the zoned area already
prescribed for such work and was responsible for minimal penetrating exposures sustained by the
Operations Division staff performing the work.

ILW Pipeline, Seal Surface Leaks

Frequent monitoring was provided during the sealing of two ILW pipeline leaks at two separate
sites located between Liquid Waste Pit 6 and White Oak Creek. Work involved clearing and
excavation, followed by placement of soil, clay, rock, and asphalt covering. Personnel exposures were
minimal and contamination was limited to the zoned areas.

Laundry Monitoring Operation

Approximately 500,000 articles of clothing and 207,000 articles such as mops, laundry bags, and
towels were monitored at the laundry during 1983. About 5% were found to be contaminated. Of
363,686 khaki garments monitored during the year, only 61 were found contaminated. A total of 11,247
full-face respirators and 1,934 canisters were monitored during the year. Further decontamination was
required after the first cleaning cycle for 415 masks and 425 canisters.

Y-12 Activities

Radiation surveillance of ORNL activities in the Y-12 Plant continued to focus on work done by
the Fusion Energy, Engineering Technology, and Biology Divisions. Collection and transportation of
radioactive waste began to require more attention than in the past as regulations regarding such
activities, particularly those pertaining to hazardous materials, became more restrictive.

Operation of experimental equipment such as that related to the EBT, ISX, and other devices
developed by Fusion Energy required close attention. During operation of the Medium Energy Test
Facility the absence of neutrons at levels requiring limited working times was verified by special
monitoring devices. X rays, usually present during the operation of the equipment, were also closely
monitored.

6.2 OFF-SITE AND SPECIAL SURVEILLANCE ACTIVITIES

6.2.1 Inspection of Threshold Detector Units

Monthly inspections of the threshold detector units (TDUs) in place at the Laboratory were
performed during the year. The TDUs are devices that are located at facilities containing significant
quantities of fissile material and are used for determining fission yields from critical reactions. The key
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components of these units are foils containing microgram quantities of 2*Py, 28U, and 2'Np. Fission
fragments from each of these foils, which are detected by visual inspection of track damage in
polycarbonate films placed next to them, are used to quantify the neutron fluence at the detector
location as well as to qualify its energy spectrum. Figure 6.2 displays one of the units as it is typically
installed for passive monitoring. Figure 6.3 shows the interior of one of these units. The inspection
consisted of a visual/tactile examination of the locks and seals to ascertain that both were in place.

ORNL-3132-75

- o
* -

Fig. 6.2. Typical installation of threshold detector unit.
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CRNL-81467

Fig. 6.3. Internals of threshold detector unit.

6.2.2 Preliminary Radiological Characterization Studies of Surplus Facilities

The R&SS Department completed preliminary radiological characterization studies and issued
reports on the following facilities during 1983: the shielded transfer tanks (ORNL/CF-83/62), the old
ORR water-to-air heat exchangers (ORNL/CF-83/204), and the ORR experimental areas
(ORNL/CF-83/250). These reports include discussions of radiation and contamination hazards, isotope
inventories, and other safety considerations at each facility. By the end of the year, studies had also been
completed and reports were in progress on the Graphite Reactor (ORNL/CF-84/30) and the Low
Intensity Testing Reactor (ORNL/CF-84/37).

6.2.3 Work Environment Surveys for Pregnant Employees

The work environment of pregnant employees is surveyed as soon as possible following notification
of the pregnancy by the Health Division. The survey consists of measurement by a portable Nal
scintillation counter of prevailing penetrating radiation levels in the area. This level is compared with a
measurement of background radiation in an office known to be free of radiation or contamination
hazards. In work areas where contamination is suspected, surface contamination measurements are
made. During the year, 83 such surveys were made, some of which were re-surveys of a work
environment, surveys of a changed work environment, or surveys following return to work by an
employee. Some female employees returning to work express milk for later infant consumption; such a
practice requires that they be assigned to a work environment free of contamination. Even though DOE
standards do not prescribe a different limit for pregnant females than for other employees, ORNL
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attempts to maintain their exposures to as near background as practicable, and in no case to exceed 500
mrem during the pregnancy.

6.2.4 Response to Off-Site Emergencies

At the request of DOE, R&SS staff responded to two actual off-site emergencies in 1983. The first
of these involved a detailed site survey near the crash (on take-off) of a commercial freight airliner
carrying packages containing radioactive *°Y and ZIr that indicated that the shipping containers,
although badly burned, had remained intact. The second response involved the search for a missing
241 Am-Be source thought to have been lost between Crossville, Tennessee, and Williamsburg, Kentucky.
The source was found lying on an open stretch of Interstate 75 near Williamsburg by the ORNL
search team 12 hours after it was reported missing.

6.2.5 Oak Ridge Associated Universities (ORAU) Off-Site
Assessment Assistance

A member of the R&SS Department provided assistance to the ORAU off-site assessment unit for
14 days in an area survey of a site in Canonsburg, Pennsylvania.

6.2.6 Servicing of Threshold Detector Units

The Lexan disks, which are used to record fission fragment tracks in the threshold detector units
at the Reactive Metals, Inc. (RMI) plant in Ashtabula, Ohio, were replaced on site by a member of the
R&SS staff. All three disks were removed from each unit and replaced. Four of these units, which are
on loan to RMI, are serviced annually.

6.2.7 Consultations

R&SS Department staff provided consultations to the following:

*  In February 1983, visited the Wilsonville, Alabama, solvent-refined coal (SRC) SRC pilot plant to
advise on the safe handling of tracer radioisotopes used in coal conversion plant studies.

®  On November 1, 1983, visited the Pittsburgh Energy Technology Center to advise on radiation
safety practices. Recommendations were made concerning safeguards for X-ray generating
equipment.

6.2.8 Participation in Emergency Drills
R&SS Department staff participated in the following off-site emergency drills during 1983:

¢ NUWAX-83 exercise. Six ORNL employees, including four members of the EOS Division,
participated in the NUWAX-83 exercise in May 1983 that simulated a helicopter crash involving
the release of radioactivity from nuclear weapons. The ORNL team assisted personnel from the
State of Virginia in survey and recovery operations similar to those that would occur in a real
emergency.

*  Sequoyah exercise. A practice drill of the TVA’s emergency response capabilities at their Sequoyah
Nuclear Power Plant near Chattanooga, Tennessee, was conducted on July 13-14, 1983.
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Surry exercise. A practice exercise of the Virginia Power’s emergency response capabilities at their
Surry Nuclear Power Plant near Newport News, Virginia, was conducted during the period of
September 30-October 2, 1983.

6.2.9 DOSAR Facility, Buildings 7709 and 7710

Radiation hazard surveillance and technological assistance were provided for the research efforts at
this unique facility, where an unshielded reactor is used in dosimetry development and studies of the
biological effects of nuclear radiations. Two international dosimetry intercomparisons were conducted
during the year, one related to personnel dosimetry and the other to nuclear accident dosimetry. Two
courses of instruction in the techniques of dosimetry in mixed radiation fields were offered during the
year, one for personnel dosimetry and one for nuclear accident dosimetry. Participants were from the
nuclear power industry, government facilities, and the armed forces.

Several biological studies were continued in which mice, plant seeds, and human cell cultures were
irradiated. Also continued were the studies of the effectiveness of various radioprotective drugs injected
before irradiation.

Assistance also was provided in the irradiation of badges from radiation accident drills for both
ORNL and Y-12, and badges, dosimeters, and/or criticality detectors were irradiated or tested for Y-
12, Arizona State University, Bettis Atomic Power, and the Nuclear Research Center, Yavne, Israel.




7. TECHNICAL ACTIVITIES
7.1 PRESENTATIONS AND LECTURES

W. A. Alexander, “A Statistical Review of TLD Environmental Radiation Measurements of Specific
Sites at the ORNL,” 28th Annual Meeting of the Health Physics Society, Baltimore, Md., June
19-23, 1983.

B. D. Barkenbus, “Superfund at Work,” IS&AHP Division, ORNL, June 17,1983.

B. D. Barkenbus, “Hazardous Waste Management,” DEM Basic Training Program, November 30,
1983,

B. D. Barkenbus, “Handling Hazardous Chemicals,” P&E Division (2 sessions), September 22, 1983.
B. D. Barkenbus, “Review of EPM-16.0 and 10.0,” Quarterly EPO meeting, December 19, 1983.

C. D. Berger, “Calibration of a Large Germanium Array for In-Vivo Detection of the Actinides with a
Tissue-Equivalent Torso Phantom,” ORNL Workshop on Calibration of Actinide Lung Counters,
Oak Ridge, Tenn., May 10, 1983.

C. D. Berger, “Operational Internal Dosimetry,” San Diego Chapter Health Physics Society Annual
Meeting, La Jolla, Calif., November 21, 1983.

C. D. Berger, “Radiation Protection in the Nuclear Industry,” Aquinas Jr. College, Nashville, Tenn.,
December 6, 1983.

C. D. Berger, taught ten classes at Oak Ridge Associated Universities, REAC/TS, Tennessee Valley
Authority—-Chattanooga.

H. M. Braunstein (invited), “Coal Research Related Exposure to PAHs,” AIChE National Meeting,
November 3, 1983, Washington, D.C.

H. M. Braunstein, “QA in Sampling,” DEM Basic Training Program, June 28, 1983.

B. A. Campbell, “Wang Word Processing Training Course,” EOS Division secretaries, ORNL, March
26, 1983, :

B. A. Campbell, “QA and Your Super Secretaries, We Can’t Do It Alone!!” ORNL, Department of
Environmental Management, April 29, 1983.

T. G. Clark, “Health Physics Procedures,” presented to Chemical Technology Co-op Students, ORNL,
February 3, 1983.

K. L. Daniels, “Precision and Accuracy,” DEM Advanced Training Group, April 8, 1983.
K. L. Daniels, “Measures of Variability,” DEM Advanced Training Group, May 6, 1983,
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K. L. Daniels, M. P. Farrell, J. C. Goyert, R. H. Strand, “Management Information Systems: An
Environmental Approach,” New Orleans, La., January 19, 1983.

B. M. Eisenhower, “Hazardous Waste Management Program at ORNL,” UCC-ND/GAT
Environmental Protection Seminar, December 6-8, 1983.

B. M. Eisenhower, “Requirements for Disposal of Asbestos Contaminated Material,” presented at the
1983 Annual Technical Meeting of the Tennessee Valley Section of the American Industrial
Hygiene Association, October 6-7, 1983,

J. S. Eldridge and T. W. Oakes, “Radionuclide Migration from Shallow Land Burial Sites,” presented
at 28th Annual Meeting—Health Physics Society, Baltimore, Md., June 19-23, 1983.

J- S. Eldridge (invited), “Laboratory and Sample Preparation Techniques,” 1st Annual DOE/ORO
Emergency Preparedness Workshop, Oak Ridge, Tenn., October 13-14.

J. S. Eldridge (invited), “Toxicology of Radioactive Substances,” University of Tennessee, Special
Topics in Environmental Toxicology (Dr. Farkas), November 22, 1983.

M. F. Fair, “Health Physics,” lecture presented to members of the Instrumentation and Controls Divi-
sion, ORNL, February 1983.

M. F. Fair, “Health Physics,” lecture presented to Junior Sciences and Humanities Symposium, March
1983.

M. F. Fair, “Health Physics,” lectures to members of Environmental and Occupational Safety Division,
May-]June 1983.

M. F. Fair, “Health Physics,” lecture and tour for class from the University of North Carolina at
Chapel Hill, May 1983.

M. F. Fair, “Health Physics,” lecture and tour for class from the University of North Carolina at
Greensboro, June 1983.

M. F. Fair, lecture at TRADE Conference, Knoxville, Tenn., October 1983.

M. F. Fair, coordinated visits for guests from West Germany (January), Taiwan (March), and South
Africa (October), 1983.

B. A. Kelly, “NPDES Parameters I,” DEM Basic Training Program, August 25, 1983.
B. A. Kelly, “NPDES Parameters II,” DEM Basic Training Program, October 27, 1983,

J. T. Kitchings and K. M. Blair, “NERP Environmental Study Center,” Environmental Education
Association Annual Meeting, Kingston Springs, Tenn., September 23-24, 1983.

M. W. Knazovich, “Professional Development,” DOE and DOE Contractors’ Occupational Safety
Meeting, New Orleans, La., April 18-22, 1983.

M. W. Knazovich, “The ORNL Safety Program,” ORNL Safety Committee, Chalk River National
Laboratory, Chalk River, Ontario, Canada, June 8, 1983.

C. H. Miller, “Applied Health Physics Assignments and Responsibilities During Laboratory Emergen-
cies,” ORNL, September 28, 1983.
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C. H. Miller, “PUMP Technician HP Training,” presented to Chemical Technology Division person-
nel, ORNL, October 28, 1983.

C. H. Miller, “Protective Clothing,” presented as part of the ORAU Applied Health Physics Course,
ORAU, November 3, 1983.

C. H. Miller and W. A. Lindsey, “Health Physics and Safety Orientation for Personnel Designing

3020 Stack Improvements,” presented to Lockwood Greene Engineering personnel, ORNL,
November 11, 1983.

C. H. Miller, “Radiation Safety in the Radiochemical Processing Pilot Plant,” presented to the Chemi-
cal Technology Division, ORNL, July 28, 1983.

C. H. Miller, “Health Physics Orientation for Building 3019 Construction Personnel,” presented to
Rust Engineering personnel, ORNL, October 17, 1983.

C. H. Miller, “Building 3019 Health Physics Orientation,” presented to new Plant and Equipment
Division personnel assigned to Bldg. 3019, October 11, 1983.

C. H. Miller, “Protective Clothing,” Health Physics and Radiation Protection Course sponsored by
NRC, ORAU/MERT, Qak Ridge, Tenn., January 24-March 31, 1983.

C. H. Miller, “Protective Clothing,” ORAU Applied Health Physics Course, ORAU, Oak Ridge,
Tenn., June 2, 1983.

C. H. Miller, “Use of Radiation Monitoring Instruments,” presented as part of ORNL’s QA&I
Departments Radiographers Training/Retraining Program, ORNL, May 26, 1983.

C. H. Miller, “Health Physics Training for Building 3019 PUMP Technicians,” presented as part of
the PUMP Technicians Certification Program, ORNL, February 2, 1983.

C. H. Miller, “Health Physics Training for Building 3019 PUMP Technicians,” presented as part of
the PUMP Technicians Certification Program, ORNL, March 7, 1983.

C. H. Miller, “Health Physics Training for Building 3019 PUMP Technicians,” presented as part of
the PUMP Technicians Certification Program, ORNL, July 7, 1983.

C. H. Miller, “Health Physics Training for Building 3019 PUMP Technicians,” presented as part of
the PUMP Technicians Certification Program, ORNL, October 28, 1983,

T. W. Oakes, “Quality Assurance,” DEM Advanced Training Program, March 18, 1983.

T. W. Oakes, “Operations with Significant Figures,” DEM Advanced Training Program, March 25,
1983.

T. W. Oakes, “Averages and Means,” DEM Advanced Training Program, April 15, 1983.

T. W. Oakes, “Environmental Monitoring at ORNL,” Board of Radioactive Waste Management,
National Research Council, NAS, October 3, 1983,

T. W. Oakes, “Control of Chemical Purchases and Their Receipt and Transfer,” National Safety
Council, Orlando, Florida, January 21, 1983,

T. W. Oakes, “Hazardous Chemical Control,” Winter ASTM Meeting, Orlando, Florida, January 20,
1983.
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T. W. Oakes, “Impact of EPA Changes in NESHAP on DOE/ORO Plants,” EPA and DOE
NESHAP Meeting, January 18, 1983.

T. W. Oakes, “The Use of Autoradiographic Techniques in the Environmental Surveillance Program at
ORNL,” HPS Advanced Meeting, January 20, 1983.

T. W. Oakes, “Control of Hazardous Materials—Issues,” 58th Annual Western Pennsylvania
Safety/Health Conference, April 5, 1983.

W. F. Ohnesorge and T. W. Oakes, “Radioactive Release Limits—Clean Air Act,” Joint Meetmg of
North Carolina Chapter and East Tennessee Chapter of the Health Physics Society, October 21,
1983,

D. C. Parzyck, Union Carbide Corporation Engineering Staff, addressing environment, health and
safety concerns, December 5, 1983.

D. C. Parzyck, Training for ORNL supervisors, ORNL Environment, Health Physics, and Safety Pro-
gram, October 27, 1983.

D. C. Parzyck, Training for ORNL supervisors, ORNL Environment, Health Physics, and Safety Pro-
gram, July 28, 1983,

D. C. Parzyck, ORNL Workshop on Calibration of Actinide Lung Counters, Opening Remarks and a
History of the Whole-Body Counting Facility, May 10, 1983.

D. C. Parzyck, Training for ORNL Supervisors, ORNL Environment, Health Physics, and Safety
Program, April 19, 1983.

J. C. Richter, “Safety Procedures at TRU,” presented to Chemical Technology, Plant & Equipment,
Analytical Chemistry, and Instrumentation and Controls divisions personnel, ORNL, October 11,
1983.

D. R. vSimpson,> “Design of Safety Interlocks,” Health Physics and Radiation Protection Course spon-
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E. Dixon, member, East Tennessee Chapter Health Physics Society.
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C. F. Jackson, member, American Society of Safety Engineers.

R. L. Jeffers, member, Health Physics Society; member, East Tennessee Chapter Health Physics
Society.

B. A. Kelly, member, Chi Epsilon; member, Health Physics Society; member, East Tennessee Chapter
Health Physics Society.

M. W. Knazovich, member, East Tennessee Chapter American Society of Safety Engineers.
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C. H. Miller, member, Health Physics Society; member, East Tennessee Chapter Health Physics
Society.
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E. B. Wagner, member, American Radio Relay League; member, Health Physics Society; member, East
Tennessee Chapter Health Physics Society.

K. M. Wallace, member, Health Physics Society; member, East Tennessee Chapter Health Physics
Society.

A. C. Wittmer, member, East Tennessee Chapter Health Physics Society; Professional Secretaries
International—Oak Ridge Chapter Recording Secretary.




HOMYISTTIW 3 ' 4321440 ALIAVS
HLWS T Y TOULNOD NOILYIOVY
NOISIAIO ANIWAINDI ANV INVTd 34 1V 'S13INva T
NILVIS Y T NOISIAIO ST0YLNOD ONY LNIWNBLISNI 51 NHVID 9 ) FONVYHNSSY ALITVND
ATAVH 'V 'S NOISIAIO STVIHILYW ONY 3ONWNIS Wy SINVO ML HOLVNIGHOOD TVINIWNOHIANT INHO
AVHD H T NOISIAII SIINIIIS TVANIWNOWIANG S5 HIIAOZYNY ‘M ‘W SNOILYI3Y OBV
X044 "M NOISIAIO ONI¥IINIONT N3 GHOILNOW 'V ‘W NOILI310Md TVANIWNOHIANI
SAZANS L41HS HOLISIA NDI3HO4, NOISIAIO ADYIN 3 HONVASTTIW 3 'y NOILYAYISNGD ADYINI
INYLINSNOD, NOISIAIG STON3IDS HILNIWOD  § 117 '3900W v '3
HLING 4D ALIOVAYD Tvng, NOISIAIG AHLSIWIHD IVIILATYNY Dy A3NHT NOILOY IAILYWYIZ Y
oNO1 'O T
H3INNOD 1 'W
SH34430 T ¥
SAIAHNS VIHY NOILLVANIWN30a ONY z<=._%%ux._m_.h |
. SISAIVNY AL34vS WIOW b T (HILIIM M Q
NNIND 4D INIWIDYNVW I0UN0STH 3 ¥30NIS 7
SAIAUNS VIUY ONY L 2HS SGH003H AuL3WISO0 v 104MHd '8
Wi SINOF Y
NOILYNIQHOOD G%Q fed QYYEINH ‘W 'H
ToNIET SHINS40 NOLHOH A D
. AGINNIX ‘0 'H 43315 1w NOILIILONY TVANIWNOUIANI XIYAN3IH T g
NiLbvd 04 XIN3 H Y a¥vos o AYTD L1
NOSNIVr 4D CERTO TR sumaso | | S.:.w_‘ xm SNBNINYVE G g
113IMAUYD v ‘9 INVTH v
SIAVG DT JoNoa TOHINOD NOLLYIaYY R ov TUBLLY v T
X314WOD LSIMHLNOS . e HIMOHNISII ‘W g
SNOILYH3dO Z1-A IYOWSNNG ¥ ‘W NOSLYM g " 10
WI00TYN ‘8 'Y ¥3I0HI9 'Q D (IIHSOA ¥ T HINOD
SNIDOIM 1Y AN 3N ABLINISOQ NOIL¥iawY ONITHNGS v 1 IVINILYI SNOTUYZYH
$3Lron Y199 L INIWGINDT IAILITLOHd SH3IDI440 ALIIVS NOISIAIG O a SNOSHYd ‘M
NOSH3LLVY ¥ ‘D MOZWYZ 4D Snotww T ]
NYW3100 3y XI1WOI TYHINID HINOS moz_uu:x L m H3NOWM B '3
e ONYNH 4 ‘
XTI4W03 AFVIVA NOLTIW v W auvos 'ty v v AISVIL YN
w%o_..z..nﬁ,m .n .w AL3IVS NOILINHLSNOD A134VS HOLDVIY 231vZNOD 08 YIONYXITY v ‘M 2HINDILS ¢
434000 0y NIGHYS G NOSHIONY DT | IONVITIIALNS av 110950
NOLYIBWI M T a1V 4T 1ONILOY) 4IMHOY '§ g IANIWNOHIANT 2 Id-Q
X3dWOD TYULNIO HLHON NOSAWIS ‘¥ ‘0 SAVSSVOIQVH ABNIMO 4 "4
. X374W09 15v3 SIILLIWWOD MAIAIY QUOSLNOW v ‘W
NOSWOHL '3 1 ALI4VS TINNOSY 34 ALIIVS 5.HOLOIMIG - ETY Y=y as3 SANOF 'u T
SHIMOJ 'V '8 HINIYM T Y - ) 1IWH D"
7o) e e IHOOW v '3 2 32
2 0NOToW 'Y ‘M WOQ0 07 3 AVOINHOR 3 4 av 39018013 5 T
X021 °d 11386n9 28 STOHOIN WS P MIVH DD SOYYMA3 '3 3
HITUAH D NILHYW L M HONVASTIIW 3 'y . NILBYW L M oN3 owre gs b S1IINVa 1N
XT1IWOD LSIMHLHON XT14W0D TVHINID A3NKT 30°1°g o NosaI9 a1 COOMLY 1 NIZLSNNVHE W H
SV W YIONYXITY 4T NOLUNEITYH 3 W R 2 NOLNYVIE 0 f
NOSNHOr 0 3 HUWS T v ‘W UNMOYE 'S T 439808 'O IDYOSINHO "3 °M
NDILYANIWNY LSNG ONIBIINIONT
SAIAUNS ONIGYING SAIAHNS ONIGUNG AL33¥S IVIHLSNON) A133VS TYNOILYHI40 ONIHOLINOW IVINIWNOHIANT NOILVANIWNYLSNI ONY Viva
235°11098 2%
035 LUVHXI0T W H . 235 ¥ILHONYIS '8 Q
‘035 '171384Wv3 v '8 23S °SNUNG 48 235 AVMOTIVO ‘H N 035 BINLLIM D Y
YITNG WH HIIADZYNY ‘M W YIMHOY S 'd SIIVO M L
SAIAUNS AL3IVS GNV NOILYIOVY ALFAVS SISAHY HITYIH INIRIDYNYW TYANIWNOYIANI

L _ 1 _ |

SINAVH 3D

JHIVE AW

«SNANINYYE ‘08
$304N0SIY TVIINHIAL

$I00VO 'M 'O
H3IDNF40 IONVYNLS
EL] 3dINS 03
JAINOTVA Y T
SIDAYIS ONIBIINIONS

23S "WVaN § 'y
‘035 'STOHDIN 'S ‘M
HOAZHvd D G

£861 1 YISWIAON

NOISIAIQ AL34VS TYNOILYEND DO ANV TVLINIWNOUIANI







77

ORNL-6077
Dist. Category UC-41

INTERNAL DISTRIBUTION

1. J. F. Alexander 59-68. T. W. Oakes
2. W. A. Alexander 69. W. F. Ohnesorge
3. S. I Auerbach 70. G. W. Oliphant
4. H. C. Austin 71. J.'A. Otten
5. J. M. Barnes -72-86. D. C. Parzyck
6. J. A. Batey 87. R. G. Pope
7. C. D. Berger 88. M. L. Poutsma
8. G. F. Bowles 89. J. G. Pruett
9. J- S. Brown 90. C. R. Richmond
10. W. D. Burch 91. E. M. Robinson
11. G. H. Burger 92-101. P. S. Rohwer
12-21. H. M. Butler 102. J. A. Setaro
22. G. C. Cain 103. M. H. Shanks
23. W. D. Carden 104. A. J. Shelton
24. C. Clark 105. W. D. Shuits
25. D. E. Dunning 106. D. R. Simpson
: 26. B. M. Eisenhower 107. A. J. Smith
‘ 27. M. F. Fair 108. K. W. Sommerfeld
: 28. R. L. Ferguson 109. R. R. Spencer
29. G. J. Foltz 110. S. Spooner
" 30. W. Fulkerson 111. J. H. Stewart
31. S. Garrett 112. J. H. Swanks
32. J. R. Gissell 113. M. Thein
33. R. A. Griesemer 114. H. E. Trammel
34. C. R. Guinn 115. D. C. Tuxbury
35. R. E. Halliburton 116. J. W. Van Dyke
36."A. D. Johnson 117. R. S. Weaver
37. L. C. Johnson 118. J. R. Weir
38. K. E. Jones 119. M. K. Wilkinson
39. F. A. Kappelmann 120. R. S. Wiltshire
40. S. V. Kaye 121. R. H. Winget
41-50. M. W. Knazovich 122. R. G. Wymer
51. A. W. Longest 123. Biology Division Library
52. F. C. Maienschein 124-125. Central Research Library
53. J. J. Massengill 126-127. Laboratory Records Department
e 54. W. H. Miller 128. Laboratory Records, ORNL-RC
o 55. C. A. Mills 129. ORNL Patent Section
e 56. E. A. Moore 130. ORNL Y-12 Technical Library
o : 57. O. B. Morgan Document Reference Section
. 58. J. R. Muir 131. Office of General Counsel




78

EXTERNAL DISTRIBUTION

132. Office of Assistant Manager for Energy Research and Development, DOE/ORO.
133. Jesse Coleman, Tennessee Valley Authority, Radiological Health, River Oak Building,
Muscle Shoals, AL 35660.
134-214. J. W. Haffey, Oak Ridge Associated Universities, P.O. Box 117, Oak Ridge, TN 37831. v
215. Ching-Chung Huang, Taiwan Radiation Monitoring Station, Atomic Energy Council,
Executive Yuan 823, Cherng-Ching Road, Kaohsiung, Taiwan, 833, Republic of China.

216-438. Given distribution as shown in TID-4500 under Health and Safety category (25
copies—NTIS).

«U.S. GOVERNMENT PRINTING OFFICE: 1984-544-045/4227




